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PREFACE. 


In  the  preface  to  the  Notes  on  the  Epicycloidal 
Cutting  Frame  *  a  list  was  given  of  the  publications  which 
had  up  to  that  time  appeared  on  curve  tracing  as  applied  to 
ornamental  turning;  and  their  number  has  since  been  increased 
by  Mr.  Savory's  work,t  which  contains  a  rich  and  extensive 
series  of  designs. 

The  Chuck  by  which  those  engravings  were  produced,  and 
for  the  manipulation  of  which  very  ample  directions  are  given, 
is  that  known  as  Plant's — but  which  would  be  called  Hartley's 
with  more  propriety — and  a  drawing  of  it  as  mounted  in  the 
lathe  appears  in  Mr.  Savory's  book.  Its  solidity  and  com- 
pactness are  considerable,  and  on  some  accounts  it  possesses 
many  advantages  over  other  forms ;  but  its  rather  limited 
character  of  change  wheels,  both  in  number  and  position,  and 
the  circumstance  that  the  multiplying  value,  reckoned  back- 
wards, of  its  permanent  wheels  is  threCy  seem  to  render  this 
construction  less  desirable  for  general  use,  especially  where  low 


•  Triibner  &  Co. 
t  "Geometric  Turning,"  by  the  Rev.  H.  S.  Savory,  Longmans. 


IV 


numbers  are  employed,  than  that  known  as  Ibbetson's,  as  now 
mr.nufactured,  with  improvements  from  various  sources,  by 
Messrs.  Holtzapffel  and  Co. 

The  combinations  of  which  the  Geometric  Chuck  is  suscep- 
tible are  so  varied  and  numerous,  that  without  some  knowledge 
of  the  results  to  be  expected  from  changes  in  each  of  the 
several  adjustments,  much  time  may  be  lost  in  vague  trials, 
and  some  desired  effect  be  still  unattained.  The  object,  there- 
fore, of  the  present  volume  is  to  furnish  the  Amateur  with  a 
manual  of  reference  upon  the  Chuck,  and  a  sort  of  Index  to 
its  performances,  not  with  a  desire  to  exhibit  an  interesting 
series  of  pretty  patterns,  but  rather  to  show  how  pretty  patterns 
may  be  made. 

Enough  has  been  said, — and  drawn, — to  indicate,  though 
not  to  illustrate  completely,  the  inexhaustible  resources  of 
any  apparatus  for  compound  epicycloidal*  turning.  The 
methods  of  compensation  recommended  in  these  pages  may 
be  found  useful,  and  the  perhaps  too  copious  collection  of 
diagrams  may  save  time  and  trouble  in  examining  some  special 
conditions  of  adjustment.  And  the  considerable  increase  to 
the  resources  of  the  Chuck  obtained  by  adding  the  Epicy- 
cloidal  Cutting  Frame,  as  a  constituent  part  of  the  whole 
apparatus,  as  described  in  the  last  two  chapters,  will  not  be 
without  interest.  But  if  nothing  else  has  been  established,  it 
will  be  admitted  that  fractional  values,  for  one  or  more  of  the 


•  *'Epitrochoidal,"  more  correctly. 


"  Parts  "  employed,  have  proved  vastly  superior  to  the  more 
usual  combinations  where  the  train-values  are  solely  integral. 

Some  may  prefer  the  delicate  engraving  on  wood  or  metal, 
or  even  glass,  which  is  the  more  commonly  practised  ;  others 
may  choose  to  enrich  a  comparatively  simple  figure  by  deep 
cutting  with  an  ornamental  drill.  Both  forms  of  decorations 
have  their  special  charms,  and  it  is  hoped  that  this  treatise 
may  render  their  pursuit  more  easy  and  agreeable. 

The  impression  of  this  work  consists  of  150  copies  only, 
probably  about  equivalent  to  the  number  of  persons  who  take 
an  interest  in  this  peculiar  branch  of  amateur  mechanism  ; 
and  as  the  lithographic  stones  were  obliterated  as  the 
successive  transfers  were  completed,  the  book  cannot  be 
reprinted. 

THOS.  SEBASTIAN   BAZLEY, 


Hathejiof  Castle, 
Fair  FORD, 

February,  1875, 
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TERMS     AND     ABBREVIATIONS 


G.C.  The  Geometric  Chuck,  in  one  or  more  "  parts/' 

Part  A  single  geometric  chuck,  or  similar  apparatus,  with  separate  train 

of  wheels  and  eccentric  slide. 

Ex.,  Ezi,  &c.-» Amount  of  eccentricity  expressed  in  hundredths  of  an  inch  given 

to  the  eccentric  slide. 

S.R.  Distance  on  the  slide  rest,  expressed  in  hundredths  of  an  inch, 

from  the  axis  of  the  mandrel,  measured  towards  the  observer. 

V,  Vx,  &c.      The  train-value  or  diminishing  effect  of  the  wheels  in  use  on  any 

particular  **part.** 

n  The  velocity  ratio  resulting  from  the  value  given  to  V.     [Page  5.] 

"  in."  The  number  of  arbors  engaged  in  the  train  referred  to  is  odd. 

*  *  out "        That  number  is  even . 

F.Mi,  F.Ma.    The  first  motion  wheel  in  the  first  and  second  "parts'*  respec- 
tively. 

Initial  position.   The  mutual  position  of  two  or  more  portions  of  the  apparatus 

necessary  to  the  correct  description  of  the  curve. 

Companion      Obtained  by  change  of  one  "initial  position"  lor  another,  without 
figures.  alteration  of  any   of  the   numerical   values,    or  directions   of 

motion,  concerned. 

Sp.  Train-value  of  the  Spiral  Apparatus,  including  that  of  the  sub- 

sidiary train. 

E.C.F.         The  Epicycloidal  Cutting  Frame  ; 

Fr.  and  FL      Its  frame  and  flange  ; 

T.S.  The  tangent  screw  of  its  adjusting  wheel  at  the  hinder  end  of  its 

principal  axis. 


CHAPTER  I. 


The  Simple,  or  First  Part,  Chuck. 


The  simple,  or  first  part,  Geometric  Chuck  bears  considerable 
resemblance  in  its  main  features  to  the  well-known  Eccentric 
Chuck,  and  in  fact  may  be  used  as  such.     Each  has,  in  front 
of  the   foundation   plate,  an   eccentric   slide,  actuated   by  a 
screw  of  lO  threads  to  the  inch,  and   carrj'ing  a  large  front 
wheel,  usually  of  96  teeth,  which  can  be  secured  at  any  point 
of  its   circumference  by  a  strong  detent  clamp,  and  whose 
axis  terminates  with  a  screw  corresponding  to  that  of  the  lathe 
mandrel  for  carrying  any  of  the  lighter  fixing  chucks.     But  in 
the  Eccentric  Chuck  the  large  front  wheel  carried  by  the  ec- 
centric slide  remains  absolutely  fixed,  as  regards  the  neigh- 
bouring parts,  during  the  rotation  of  the  chuck  in  the  lathe  ; 
whereas,  in  the  Geometric  chuck,  the  similar  large  front  wheel 
receives  under  such   circumstances  an  independent  motion  of 
rotation.      And  this  motion,  effected  by  a  train  of  wheels, 
can  be  made  to  bear  almost  any  desired  ratio  to  that  of  the 
chuck  itself,  /.^.,  of  the  mandrel.     It  may  also  be  in  the  same 
direction  as  that  of  the  chuck,  or  the  contrary. 

This  train  of  wheels  is  arranged  in  the  following  manner. 
Upon  the  central  boss,  at  the  back  of  the  foundation  plate,  in 
which  is  pierced  the  internal  screw  for  attaching  the  chuck  to 
the  mandrel,  is  placed  a  wheel  of  the  same  diameter  (96  teeth)  as 
that  in  front  of  the  eccentric  slide.  This  wheel,  which  may 
be  called  the  "  first  motion  wheel,"  rotates  easily  upon  the 
boss,  and   is   maintained    there    by   a    screwed    steel    ring. 

Another  wheel  of  96  teeth,  but  of  less  width  and  lighter  make, 
I 
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is  placed  in  contact  with  the  first  motion  wheel,  being 
mounted  eccentrically  on  a  removable  arbor,  keyed,  with  a 
wide  range  of  position,  into  a  long  curvilinear  mortise  cut 
through  the  foundation  plate  for  about  half  its  circumference 
and  near  the  edge.  Whatever  be  the  position  in  the  mortise 
in  which  this  last-named  wheel  may  be  secured,  it  will  be 
always  in  gear  with  the  first  motion  wheel,  though  its  eccentric 
arbor  provides  for  adjustment  of  the  two  wheels  as  to  depth 
of  contact,  and  also  for  their  complete  separation  when 
necessary.  The  arbor  is  long  enough  to  receive  the  96  wheel 
which  it  always  carries,  and  two  other  wheels  besides,  of  the 
same  thickness  :  and  the  first  motion  wheel  is  also  sufficiently 
wide  to  receive  the  96  wheel,  whichever  of  the  three  positions 
it  may  occupy  on  the  arbor.  Three  other  removable  arbors, 
of  similar  size  and  shape,  but  without  the  eccentric  fitting,  can 
also  be  fixed,  together  or  separately,  in  the  curvilinear  mortise 
of  the  foundation  plate  ;  they  are  each  of  such  a  length  as  to 
carry  three  wheels,  either  one,  or  two,  only,  being  in  operation, 
and  the  remaining  spaces  or  space  being  filled  by  two  blanks, 
or  one ;  the  blank  being  a  small  toothless  ring  of  the  least 
diameter  practicable,  and  of  uniform  thickness  with  the  wheels- 
All  these  arbors  possess  an  independent  axial  rotation,  and 
are  provided  with  a  projecting  key  for  the  security  of  the 
wheels  they  carry. 

Just  beyond  the  termination  of  the  curvilinear  mortise,  is  a 
socket  in  the  foundation  plate,  through  which  passes  a  per- 
manent arbor,  carrying  at  the  hinder  end  a  wheel  of  96  teeth, 
and  at  the  front  end,  on  the  face  of  the  chuck,  a  wheel  of  (48) 
half  that  number  of  teeth.  This  last  communicates  with  the 
front  (96)  wheel  by  a  single  intervening  wheel  of  convenient 
size,  which  is  supported  by  the  extremities  of  two  arms  of  a 
simple  link  motion,  whose  other  ends  are  attached  centrally 
behind  the  48  wheel  last  mentioned,  and  the  front  wheel, 
respectively.  And  the  object  of  this  connection  by  link  is  to 
provide  that  no  alteration  in  the  eccentricity  of  the  chuck  slide 
shall  throw  the  front  wheel  which  is  carried  by  the  slide,  "  out 
of  gear "  with  the  48  wheel  on  the  front  end  of  the  arbor 
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passing  through  the  foundation  plate.*    The  hinder  end  of 
this  arbor  is  adapted  (h'ke  the  four  removable  arbors)  to  re- 
ceive in  any  one  of  three  planes  the  96  wheel  which  it  carries  : 
and  the  various  change  wheels  which  may  be  required  are  in- 
terposed, on  one  or  more  arbors,  between  the  96  wheel  last- 
mentioned  and  the  96  which  is  always  in  contact  with  the  first 
motion  wheel.     For  convenience  of  distinction,  the  five  arbors 
which  have  been  described  are  engraved  with  the  letters  from  A 
toErespectively,  beginning  with  that  which  transfers  the  motion 
from  behind  the  chuck  to  the  front.     And  supposing  that  no 
change  wheels  whatever  are  introduced,  but  that  96  on  the 
sliding  arbor  E  is  brought  up  along  the  mortise  into  gear  with 
the  96  on  the  fixed  arbor  A,  being  at  the  same  time  in  gear 
with  the  (96)  first  motion  wheel,  this  arbor  A  would  make 
one  rotation  for  one  of  the  first  motion  wheel.     Then,  as  there 
is  a  diminishing  effect  of  one-half  produced  by  the  wheels  in 
front  of  the  chuck,  it  follows  that,  when  no  change  wheels  are 
in  use,  the  front  96  makes  one  rotation  for  every  two  of  the 
first  motion  wheel.     This  statement  is  altogether  irrespective 
of  the  motion  of  the  chuck  in  the  lathe  (for  then  the  proper- 
ties of  an  epicyclic  train  would  have  their  effect),  and  refers 
only  to  the  relative  speed  of  the  two  wheels  in  question,  sup- 
posing one  of  them  to  be  turned  by  hand  on  its  axis.     The 
normal  value,  therefore,  of  Ibbetson's  geometric  chuck,  or  the 
diminishing  effect  of  its  permanent  wheels,  is  tzuo,  instead  of 
three  as  in  the  construction  referred  to  in  the  preface. 

A  large  assortment  of  change  wheels,  from  24  to  96,  with 
duplicates  of  several,  is  furnished  with  the  chuck,  and  minute 
details  of  the  settings  are  supplied  by  the  makers,  specifying 
the  wheels  required  for  such  numbers  of  consecutive  loops  as 
are  within  the  compass  of  the  instrument, — the  order  of  their 

^  This  contrivance,  frequently  used  in  mechanism  to  maintain  a  constant 
Stance  between  the  centres  of  two  or  more  adjacent  wheels,  is  understood 
to  have  been  applied  to  the  geometric  chuck  by  Henry  Perigal,  Esq.,  F.R.A.S. ; 
who  has  studied  the  subject  of  compound  circular  motion  more  deeply  than  any 
other  Amateur.  (See  Northcott,  "Lathes  and  Turning,"  pa.  275,  and  the  article 
**  Trochoidal  Corves  *'  in  the  Penny  Cyclopaedia.) 
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arrangement  (which  is  frequently  of  importance), — and  the 
plane,  as  regards  its  position  on  the  arbor,  which  each  wheel 
is  to  occupy.  In  the  composition  of  trains  for  high  numbers 
there  is  frequently  occasion  for  some  management  and  care  in 
adapting  the  selection  of  wheels  to  their  mutual  size  and 
position ;  it  is  also  sometimes  impossible  to  arrange  them 
satisfactorily  without  including  an  "  idle  wheel,"  or  "  carrier,** 
in  the  train,  and  in  such  instances  it  will  be  necessary  to 
include  another  "  carrier  "  if  the  direction  of  motion,  when  the 
train  has  been  composed,  be  not  that  which  is  intended. 

The  reader,  if  unacquainted  with  the  Geometric  Chuck, 
will  be  inquiring  by  this  time  how  the  train,  when  duly  com- 
pleted, is  to  be  set  in  motion  ;  for  it  is  obvious  that,  as 
hitherto  described,  there  is  no  reason  why  any  rotation  of  the 
wheels  should  occur,  during  their  revolution  with  the  chuck  upon 
the  mandrel,  unless  they  should  become  affected  by  centrifugal 
force,  to  prevent  which  the  front  wheel  is  secured  by  its 
detent  when  its  fixity  is  essential.  The  mechanism  is  con- 
verted into  an  epicyclic  train  by  the  following  additional 
apparatus.  A  brass  plate  is  secured  to  the  face  of  the  lathe 
head  by  a  large  finger  screw  at  each  end,  in  the  same  way 
that  the  ring  of  the  Elliptic  (or  so-called  "  Oval  ")  chuck  is 
fastened  in  the  same  place ;  and,  like  that  ring,  this  brass 
plate  has  a  range  of  transverse  endways,  by  the  action  of  its 
finger  screws,  for  a  purpose  which  will  appear  subsequently. 
A  three-toothed  spring  detent,  similar  to  that  which  applies 
to  the  front  wheel  of  the  chuck,  is  attached  to  the  plate  in 
such  a  position  that  it  can  clamp  the  "  first  motion  wheel  '*  at 
any  point  of  its  circumference,  or,  on  being  released,  will 
allow  it  to  move  freely  on  its  axis  in  its  central  position  at 
the  back  of  the  chuck. 

The  symbol  V  will  be  used,  in  the  following  pages,  to  denote 
the  diminishing  effect  of  the  whole  train  of  wheels  ;  uc,  the 
number  of  times  which  the  first  motion  wheel  if  turned  by 
hand  would  rotate  during  one  rotation  of  the  front  96  wheel, 
and  this  is  synonymous  with  the  number  of  loops  which  the 
chuck  is  arranged  to  produce.      The  value  assigned  to  V  may 
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be  either  integral  or  fractional,  and  we  have  seen  that  when 
no  change  wheels  are  in  use  the  rate  of  motion  is  affected 
only  by  the  48  wheels  in  front  of  the  chuck,  and  then  V=2. 
Now  when  the  first  motion  wheel  is  held  fast  by  its  detent 
clamp  on  the  brass  plate,  and  the  lathe  is  set  in  motion,  the 
succeeding  wheels  begin  to  rotate  on  their  respective  arbors, 
and  the  front  96  wheel,  being  free  from  its  own  detent,  will 
make  fewer  rotations  than  the  mandrel  in  proportion  to  the 
value,  V,  of  the  train.  But  it  does  not  make  V  times  fewer. 
On  the  contrary,  it  will,  if  rotating  in  the  same  direction  as 
the  mandrel  of  the  lathe,  make  (V+i)  rotations  for  each  one 
of  the  chuck;  while,  if  rotating  in  the  opposite  direction,  it 
will  make  (V-i)  rotations  for  each  one  of  the  chuck.  The 
test  of  experiment  will  readily  satisfy  the  amateur  that  this  is 
the  fact ; — for  example,  when  the  permanent  wheels  only  of 
the  chuck  are  engaged,  and  V=2,  the  front  96  wheel  will 
make  one  rotation  for  one  of  the  chuck,  and  the  directions  of 
motion  of  chuck  and  front  wheel  are  opposed  ;  and,  if  an 
arbor  carrying  a  single  wheel  be  interposed  between  the  two 
96's  on  the  arbors  A  and  E,  the  directions  of  motion  of  chuck 
and  front  wheel  become  identical,  and  the  latter  makes  three 
rotations  for  one  of  the  former.  It  may  here  be  observed, 
once  for  all,  that  (unless  V  be  less  than  unity,  a  condition  of 
things  which  is  entirely  exceptional)  the  directions  of  motion 
are  opposed,  and  the  loops  turn  outwards  when  the  number 
of  arbors  from  A  to  E  inclusive  is  ei'cu  ;  and  that  when  the 
number  of  those  arbors  is  odd,  the  directions  of  motion  are 
the  same,  and  the  loops  turn  inwards.  Strictly  speaking,  it 
should  have -been  said  that,  in  the  former  case,  the  rotations 
of  the  front  wheel  are  (i-V)  in  number,  V  being  the  negative  ; 
but  the  employment  of  the  minus  sign  would  entail  some 
awkwardness  in  tabulating  the  adjustments,  and  it  is  not 
proposed  to  encumber  these  pages  with  mathematical  ex- 
planations. An  attempt  at  elucidating  the  theory  of  the 
subject  was  made  in  the  "  Notes  on  the  Epicycloidal  Cutting 
Frame,"  mentioned  in  the  preface,  and  further  information 
may  be  obtained  from  the  article  in  the  Penny  Cyclopaedia 
there  quoted. 
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Suffice  it  to  say,  that  if  the  number  of  rotations  of  the 
chuck  for  those  of  its  front  wheel  in  a  given  time  be  as  n :  i  ; 
then,  when  the  eccentricity  of  the  chuck  slide  (Ex.),  and  the 
radius  of  the  tool  or  describing  point  in  the  slide  rest  (S.R.) 
i.e,i  its  distance  from  the  axis  of  the  mandrel,  reckoned  from 
right  to  left,  are  likewise  in  the  proportion  of  n  :  i, — x>.,  when 

Ex 

g-^=n, — the  curve  produced  is  cusped  (fig.  6),  and   when 

these  distances  are  in  the  proportion  of   n* :  i,— j'a  when 

Ex 

^  =n", — the  figure  is,  at  one  or  more  points,  nearly  right- 

Ex 
lined  in  character  (fig.  25).     Also,  when   ^~  is  less  than  n^ 

but  greater  than  n,  the  cusps  are   rounded  and    immature 

(fig.  60)  ;   and  when  ^r^  is  less  than  n,  the  cusps  develop 

O.K.* 

into  loops  (fig.  7).  Further,  as  Ex.  becomes  less  and  S.R. 
greater  than  the  values  they  respectively  possessed  at  the 
appearance  of  the  loops,  the  loops  enlarge,  intersect,  and 
approach  the  centre  of  the  figure,  passing  through  that  centre 
when  Ex. = S.R.  And  lastly,  as  S.R.,  now  greater  than  Ex., 
continues  to  increase,  and  Ex.  still  further  to  diminish,  the 
loops  become  less  distinguishable,  and  the  lines  more  crowded, 
the  effect  generally  produced  being  that  known  as  the 
**  Turk's  cap  *'  in  eccentric  turning  (fig.  32)  ;  till,  when  Ex. 
has  vanished  altogether,  we  have  a  circle  only,  whose  radius 
=  S.R.,  and  similarly,  if  S.R.  has  no  value,  the  resulting  circle 
is  of  the  radius=Ex.  From  what  precedes  it  is  evident  that 
when  the  chpck  is  arranged  to  produce  internal  loops, 
n=:V  f  I,  and  when  it  is  arranged  to  produce  external  loops, 
n=V-i.  Therefore,  since  V  is  always  known, — being  the 
resulting  fraction,  in  its  lowest  terms,  obtained  by  the  general 
rule  for  ascertaining  the  effect  of  any  train  of  wheelwork,  viz., 
multiplying  all  the  drivers  together  for  the  numerator,  and 
all  the  driven  together  for  the  denominator, — it  is  a  matter 
of  simple  calculation  to  find  what  values,  for  any  given 
arrangement  of  wheels,  should  be  taken  for  Ex.  and  for  S.R., 
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in  CMtler  that  the  curve  may  be  looped,  cusped,  waved  or  right- 
lined  in  character. 

The  readiest  way  of  reducing  the  final  velocity  of  the  front 
.terminal  96  wheel,  thereby  increasing  the  value  of  V,  is  to 
place  a  small  wheel  on  the  arbor  E,  by  which,  instead  of  by 
the  96  on  that  arbor,  the  motion  shall  be  transmitted  to  the 
96  on  the  arbor  A.  For  instance,  if  that  small  wheel  have 
32  teeth,  the  velocity  will  be  diminished  one-third,  and  V  will 
=6.  Suppose  now  another  removable  arbor,  B,  to  be  added, 
carrying  the  pair  of  wheels  24  and  60,  of  which  the  24  is 
intended  to  gear  with  the  96  on  A,  and  the  60  with  the  32  on 
E,  Then,  arranging  the  whole  train  as  fractions  in  the  usual 
manner,  beginning  with  the  front  96  wheel,  placing  the  drivers 
as  numerators  and  the  driven  as  denominators,  they  would 
stand  thus : — 

96  front        96  on  A        60  on  B        96  on  E  _.  j  ^  . 
48  link         24  on  B         32  on  E         96  fixed 
and  V  therefore  would  =  15  for  the  case  supposed.     But  on 
proceeding  to  arrange  the  wheels  and  arbors  in  the  manner 
here  indicated,  it  would  be  found  that  the  60  on  B  could  not 
be  brought  into  contact  with  the  32  on  E,  owing  to  the  large 
diameter  of  the  96  on  the  latter.     This   inconvenience  may  be 
remedied  in  either  of  two  ways  ;  cither  by  interposing  a  single 
wheel  of  suitable  size  between  the  32  on  E  and  the  60  on  B, 
or  by  selecting  another  pair  of  wheels  for  the  latter  arbor  in 
the  same  proportion  as  the  24  and  60,  but  of  higher  numbers  : 
and  the  pair  32  and  80,  or  at  any  rate  the  pair  36  and  90, 
which  pairs  are  both  in  the  same  proportion  as  the  24  and  (30, 
would  afford  sufl5cient   space  for  the  accommodation  of  the 
neighbouring  wheels.     And,  proceeding  in  the  same  manner, 
if  one  pair  of  change  wheels  will  not  effect  the  desired  ratio 
between  the  velocities  of  the  chuck  and  its  front  wheel,  we  may 
add  one,  or  even  two  additional  pairs  on  the  arbors  C,  D,  beside 
placing  a  second  wheel  on  the  arbor  E  smaller  than  the  96,  upon 
that  arbor  which  is  always  in  gear  with  the  first  motion  wheel. 
It  is  not  necessary  to  remind  any  one  who  may  read  these 
pages,  and  who  will,  therefore,  presumably  have  some  previous 
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acquaintance  with  mechanism  generally,  that  a  single  wheel 
or  "carrier,"  introduced  at  any  part  of  a  train,  alters  the 
direction  of  rotation  of  all  the  succeeding  wheels,  but  makes  no 
difference  in  their  speed.  The  addition  of  a  single  wheel  in  this 
manner  on  a  removable  arbor  will  consequently  alter  the  relative 
directions  of  motion  of  the  chuck  and  its  front  wheel,  and  will 
be  found  to  change  the  loops,  from  "  in  "  to  "  out,"  or  vice  versd. 
And  it  is  often  requisite,  as  suggested  in  the  case  just  given,  to 
add  a  single  wheel  to  the  train,  in  order  to  bring  those  into 
gear,  which  would  otherwise  be  prevented  from  meeting  by 
some  wheel  of  larger  diameter  employed  on  one  of  two 
adjoining  arbors.  Moreover,  on  some  occasions  two  single 
wheels  may  be  necessary  ;  one  to  render  the  train  complete, 
the  other  to  obtain  the  ultimate  direction  of  motion  which 
may  be  desired. 

In  calculating  the  value  V  of  any  arrangement  of  wheels,  it 
is  more  convenient  to  begin  from  the  front  96  wheel, 
instead  of  from  the  first  motion  wheel  at  the  back ;  as  by  so 
doing,  the  result  expresses  at  once  the  number  of  loops  pro- 
duced :  and  it  is  doubtless  for  this  reason  that  the  fixed  arbor 
is  designated  A,  and  the  last  sliding  arbor  E.  The  96  per- 
manently attached  to  this  arbor  E,  and  the  96  fixed  or  first 
motion  wheel,  which,  in  all  cases  make  up  the  concluding  frac- 
tion of  the  series,  may  clearly  be  omitted  from  the  calculation  : 
and  instead  of  writing  down  the  front  terminal  96,  and  the  48 
which  follows  it  by  the  intervention  of  the  link  motion,  the 
figure  2  may  be  prefixed  to  the  remaining  fractions.  Hence 
the  value  of  V  for  any  given  train,  will  be  obtained  by  sub- 
stituting the  numbers  of  teeth  in  the  respective  wheels  for  the 
letters  in  the  following  expression  :  — 

bxcxdxe 
where  a  represents  the  96  on  A,  a  and  b'  the  pair  on  B,  and  so 
on  ;  of  v/hich  b  is  in  gear  with  a,  and  b'  with  c,  c'  with  d,  and 
d'  with  e ;  e  being  either  the  smaller  wheel  on  E,  when  that 
arbor  carries  two,  or  the  96  itself  when  that  is  the  only  wheel 
in  use  upon  that  arbor,  and  in  that  case,  a  and  e  being  each 
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equal  to  96,  may  both  be  struck  out.  Of  course,  such  of  the 
pairs  bb',  cc',  dd',  as  are  not  required  will  also  be  omitted 
from  the  calculation. 

The  converse  process  of  ascertaining  what  wheels  should  be 
used  to  give  a  specific  value  to  the  train  will  be  effected  by  put- 
ting that  value  for  V  in  the  expression  stated  above,  and  then 
selecting  such  numbers,  corresponding  with  wheels  at  our  dis- 
posal, for  the  factors  b  b',  &c.,  to  e,  as  will  satisfy  the  simple 
equation  thus  formed.  But  it  often  requires  some  discrimina- 
tion tohit  upon  the  most  eligible  numbers ;  for  fractions,  though 
perfectly  correct,  cannot  always  be  translated  into  wheels  of 
the  same  numbers  ;  and  others  in  like  proportion  have  to  be 
substituted,  as  was  explained  in  the  example  just  given  for 

V  =  i5. 

a  b'  c'  d'  a 

Since  V  =  2  x 3 — »  let    -       stand  for  the  fraction  or 

b,  c  d  e  e 

series  of  fractions  by  which  the  desired  change  wheels  may  be 

a       V 
represented.      Then     -r.  = — ,  and  in  order  to  discover  what 

wheels  should  in  each  case  be  adopted,  we  have  only  (when  V 
is  a  whole  number)  to  take  the  required  value  of  V  for  the 
numerator  of  a  fraction,  and  2  for  its  denominator  ;  and  then 
to  expand  that  fraction  until,  without  interfering  with  its  value 
in  its  lowest  terms,  it  has  become  expressed  in  numbers  re- 
presenting wheels'which  are  available.  Thus,  if  an  eight-looped 
figure  is  wanted,  and  V  is  therefore  to  be  equal  to  8,  we  have 

—  =  —  ——,    for  which  the  simplest  arranorement  will  be  to 
2       2      24'  ^  ^ 

add  a  24  wheel  in  front  of  the  96  on  the  E  arbor,  and  to  bring 

that  24  into  gear  with  the  96  on  A.     Similarly  if  V  is  to  be  12, 

i_  V      12      2       6      96     96  .    ,  .  .         - 

we  hav3  — = — = — x — =^x^^;    and    here    the    pair    of 
2       2       I       2      48     32  ^ 

wheels  96  and  48  on  the  removable  arbor  B  will  be  brought 

into  requisition  together  with  a  32  on  E.     So,  again,  if  V  is  to 

V  215  t;xi:x2         60         70         96,^ 

be    25,  —  =  -^  =  ^ ^ =  —    X   ^    X   ^,  but   as 

•''2  2  2x2x1         24         28         48 

wheels   of   these   numbers  are  not   suitable  to  one  another, 

others  of  larger  size  and  equivalent  proportion  must  be  found, 
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and  the  following  would  be  found  to  answer, — f  |  x  f^  x  |^. 
It  will  be  remembered  that  each  of  the  arbors  A  to  E  will 
receive  wheels  upon  any  of  three  planes ;  and  this  offers  a 
convenient  method  for  recording  any  particular  arrangement. 
For  instance,  the  train  now  composed  for  V  =  25  would  be 
described  thus : — 

A.     B.     C.     D.     E. 

96    —     32    —    — 

—  —    —    90    48 

—  —    80     36    96 

And  the  valuable  tables  furnished  by  Messrs.  Holtzapffel  &  Co., 
with  their  Geometric  chucks,  are  constructed  on  this  principle. 
But  the  amateur  will  find  it  advantageous  to  be  independent 
of  memoranda,  and  to  be  able  to  calculate  at  once  without 
reference  to  tables  any  train  that  may  be  required.  A  few 
further  examples,  therefore,  may  be  useful.  • 

With  a  24  wheel  on  E,  transmitting  the  motion  from  that 
arbor,  we  have  V=8,  without  any  other  change  wheels.  And 
for  values  of  V,  whether  integral  or  fractional,  up  to  about  30, 
a  single  pair  of  change  wheels  on  the  arbor  B,  interposed 
between  the  24  on  E  and  the  96  on  A,  or,  as  is  more 
frequently  necessary,  between  the  96  on  A  and  another  96 

mounted  simply  in  gear  with  the  24  on  E,  will  probably 

b 
suffice.     Let  these  two  wheels  on  B  be  designated  by- , then 

b 

b       V 
with  the  24,  on  E,  as  now  suggested,— ^=-.   SupposeV=i4, 

b'   8 

b   14   56    70   84     ,  .^,r     b   22   66 
then  -  =—  =^,  or  — ,  or  —  :  and  if  V=22,  —  = —  = — ,  or 
b   8   32   40   48  b'   8   24 

— ;  and  for  V  =  30,  ~  =  —  =  — . 
32  b  o         24 

For  higher  values  of  V  than  this,  a  third  pair  of  change 
wheels  will  be  generally  requisite,  and  it  is  convenient  to 

adopt  the  pair  ~,  placing  it  between  the  arbor  E  and  the 

single  "  carrier  "  wheel  96.     With  this  arrangement,  the  value 

b       96      96        ,    ,       ^       b      V 
of  the  train  becomes  2  x  -   x  —  x  — ,  and  therefore  -  =—  ; 

b'       32      24  b'     24 
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and  by  using  a  24  wheel  to  represent  b',  it  has  the  ad- 
vantage that  the  only  change  wheel  in  the  train  corresponds 
to  the  number  of  loops  required.     Thus,  if  V=  54,  we  have 

b     54 

~=     ,  and  the  following  description  shows  how  the  wheels 

b     24 

would  be  placed  : — 

A.     B.     C.     D.     E. 
96    24    —    —    — 

—  —    —    96     32 

—  54    96    24    96 

Any  other  wheel,  not  exceeding  the  limit  of  96,  having  the 
same  number  of  teeth  as  some  other  intended  integral  value 
for  V,  can  be  readily  substituted  for  the  54  on  B,  and  the 
figure  will  have  as  many  loops  as  there  are  teeth  in  this 
particular  wheel. 

Higher  values  still  for  V  can  be  obtained  so  long  as  the 
train  is  not  too  complicated,  and  the  wheels  too  numerous  to 
be  received  by  the  curvilinear  mortise  in  the  foundation 
plate. 

A  similar  method  of  treatment  is  applicable  when  a 
fractional  value  is  assigned  to  V.  The  denominator  of  the 
given  fraction  is  to  be  multiplied  by  2,  or  its  numerator 
divided  by  2  if  that  be  practicable,  and  the  fraction  itself  then 
expanded  in  the  manner  explained  above.     For  example,  if 

V=  -,-,=—'=-=:: — ;    and    a   pair   of  wheels   of  these   or 
5  b       2      5     60 

equivalent  numbers  would  be  placed  on  B  between  the  two 

17    b        17       68 
q6's  on  A  and  E.     Again,  if  V  =   — ,  -  =  —  =  — ,  and  that 

3     h         6        24 

pair  would  be  used  in  the  same  manner.     And  in  dealing 

with  simple  fractions  of  this  kind,  arising  from  cither  integral 

or  fractional  values  of  V,  it  is  well  to  observe  that  the  wheel 

first  put  on  the  removable  arbor  is  that  which  corresponds 

to  the  numerator  of  the  fraction  :  but  when  fractions  require 

more  than  one  pair  of  change  wheels  for  their  expression, 
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this  rule  does  not  always  hold  good,  the  order  of  the  wheels 
being  sometimes  inverted  for  their  mutual  convenience. 

As  a  concluding  example,  take  the  fraction  —  for  the  value 

of  V.     Here— ^     =- — -  =—x  —  :  and  these  two  pairs  could 

b'     80      10  »  8     60     64 
be  placed,  on  the  removable  arbors  B  and  C,  between  the  96 
on  A  and  the  96  on  E,  thus  : — 

A.     B.     C.     E. 

96     S4     —     -       ) 

-     60     72     —  (i.) 

64    96      ) 

But  if  a  numerator  of  one  of  the  fractions  can  be  made 
equal   to  96,  one  of  the  arbors  may  be  dispensed  with ;   a 
wheel  corresponding  to  the  denominator  of  one  of  the  frac- 
tions being  placed  in  front  of  the  96  on  E,  thus  : — 
A.     B.     E. 
96     64     —     ] 
-     54     80      ^     (ii.) 
~     -     96     ) 
And  this  train  is  clearly  equal  to  the  former  in  value  {though 
-1"  ^I-'^'Lx^ 

2  X  40       64       80 

Besides  the  removable  arbors  receiving  any  l;wo  wheels  in 
any  of  three  planes,  there  is  provided  a  single  48  wheel  on  so 
short  an  axis  that  it  can  be  placed  behind  larger  wheels 
occupying  the  second  or  third  planes  on  either  of  the  adjoin- 
ing arbors,  in  order  to  connect  wheels  on  the  first  planes  of 
those  arbors.  It  could  be  used,  for  instance,  behind  the  96  on 
D,  between  the  24  on  that  arbor  and  the  96  on  C,  in  the  train 
described  above  for  producing  54  loops  or  any  other  similar 
number,  in  order  to  change  the  ultimate  direction  of  motion 
from  "  in  "  to  "out;"  the  number  of  arbors  engaged  being  odd  in 
the  former  case,  and  even  in  the  latter.  And  in  such  a  case  as 
(ii.)  above,  the  So  and  96  might  change  places  on  the  arbor  E, 
the  54  on  B  be  removed  from  the  second  plane  of  that  arbor 


not  in  direction)    : 


Other  Adjustments. 

to  the  first ;  and  then  the  single  48  wheel  could  be  t 
needful  to  connect  the  80  and  the  34. 

There  is  also  a  double  wheel  48-24,  which  is  emploj 
connect  a  wheel  on  the  first  plane  of  one  arbor  with  a 
on  the  second  plane  of  another  arbor,  reducing  the  ve 
by  one-half  at  the  same  time ;  and  the  axis  of  this  d 
wheel  is  short  enough  to  permit  it  to  pass  behind  a 
wheel  on  the  third  plane  of  the  former  arbor.  Before  Ic 
the  subject  of  change  wheels  and  their  arrangements,  it  s 
be  pointed  out  that  a  series  of  three  or  four  fractions,  \ 
numbers  do  not  readily  accommodate  themselves  tc 
dimensions  of  the  corresponding  wheels,  may  often  b< 
manageable  by  changing  the  position  of  the  numerators, 
the  denominators,  among  themselves,  so  that  wheels  of 
able  sizes  may  follow  one  another.  Though  this  procc 
would  affect  the  value  of  the  fractions  individually,  it  y 
not  alter  the  product  of  the  whole,  nor  the  final  operat 
the  train. 

The  value  of  S.R.  is  determined  as  usual  by  the  slide 
screw  in  hundredths  of  an  inch  ;  the  bed  of  the  rest  shou 
graduated  in  inches  and  tenths,  and  care  be  taken  to  coi 
act  any  "  loss  of  time "  in  the  screw.     The  value  of  ] 
given  in  a  similar  manner  by  the  screw  of  the  chuck's  ecc 
slide,  but  the  error  of  loss  of  time  may,   in  this  case, 
nately  be  neglected,  as  the  reading  of  the  eccentricity  c 
slide  is  obtained  by  a  vernier  on  its  edge  ;   though  the 
screw  is  also  furnished  with  a  micrometer  head,  for  use 
preferred,  and  for  occasional  comparison  with  the  indie; 
of  the  vernier.     Decimals  of  a  division,  i.e.,  thousandths 
inch,  may  be  estimated  on  both  slides,  more  or  less  su( 
fully.     The  edges  of  the  first  motion  wheel,  and  of  the 
terminal  wheel,  are  marked  off    into    12   equal    parts, 
subdivisions  for  the  guidance  of  their  respective  detents. 

The  following  figures  (i — 214),  which  are  offered  in  illi 
tion  of  the  elementary  performances  of  the  geometric  c 
consist,  with  a  few  exceptions  which  will  be  specially  nc 
as  they  occur,  in  each  case  of  a  single  line ;  and  they  \* 
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is  thought,  be  better  adapted  to  explain  the  operations  of  the 
chuck,  and  to  show  the  results  to  be  expected  from  various 
adjustments  in  combination,  than  more  complicated  and  more 
elegant  designs.  Each  class  of  figures  is  of  the  same  size, 
and  the  plan  adopted  has  been  to  vary  the  quantities  Ex. 
and  S.R.  from  zero  to  a  maximum  of  60  divisions  (o*6  in.), 
one  increasing  while  the  other  diminishes.  Diagrams  are 
given  of  those  phases  of  the  curve  which  possess  sufficient 
distinctive  interest,  although  the  series  in  the  tables  is  com- 
monly given  more  fully  ;  and  for  the  sake  of  expedition,  the 
figures  were  drawn  on  lithographic  paper  by  a  pen  mounted 
at  a  suitable  angle  in  the  slide  rest.  They  are  often  imperfect, 
and  in  no  instance  pretend  to  any  beauty  of  execution,  but 
they,  will  answer  their  intended  purpose  as  well  as  engravings 
from  the  more  costly  and  tedious  processes  required  for  the 
use  of  boxwood  blocks  or  copper  plates. 

No  Geometric  chuck  can  be  complete  without  a  paper 
chuck  and  a  spring  pencil-holder  for  preliminary  trials.  The 
former,  in  its  most  convenient  form,  consists  of  an  ordinary 
brass  "  face-plate  "  5  or  6  inches  in  diameter,  to  which  is  hinged 
in  front  and  retained  by  a  spring  fastening,  a  flat  ring  of  equal 
exterior  diameter,  and  having  a  central  circular  aperture  of 
3  or  4  inches  in  diameter  ;  with  this  contrivance,  the  paper  is 
securely  held,  and  can  be  changed  instantly.  The  spring 
holder  may  receive  an  ordinary  lead  pencil  in  cedar,  or  an 
"  ever-pointed  "  pencil  stem  carrying  a  patent  "  lead  "  of  the 
smallest  size.  Metallic  paper  and  pencil  may  also  be  employed 
with  much  advantage.  And  the  figures  can  readily  be  drawn 
by  pen  and  ink  if  preferred  :  for  the  ordinary  use  of  a  pen  by 
hand  entails  frequent  alternation  of  motion,  and  a  good  steel 
pen,  held  at  an  angle  of  about  35°  with  the  plane  of  the 
paper,  will  make  fine  strokes  in  all  directions  with  almost 
equal  facility.  There  ought,  therefore,  to  be  no  difficulty  in 
adapting  a  pen  held  by  the  slide  rest  to  the  vertical  position 
of  the  paper,  and  to  its  varying  rate  and  direction  of  move- 
ment, and  the  following  simple  arrangement  will  be  found 
fairly  satisfactory. 


Tracing  with  Pen  and  Ink.  1 5 

A  piece  of  brass  wire  about  7  inches  long  and  of  con- 
venient thickness  (about  -^  of  an  inch)  for  receiving  at  one 
end  the  metal  barrel  of  a  small  sized  penholder,  is  to  be  filed  at 
the  other  end,  with  a  semi-cylindrical  termination,  and  fitted 
tightly  into  the  steel  holder  which  receives  the  little  tools  of 
the  drilling  instrument  in  the  process  of  sharpening,  and 
which  can  be  secured  like  an  ordinary  fixed  tool  in  the  slide 
rest  The  wire  thus  prepared  should  be  bent  into  a  swan- 
necked  shape,  leaving  the  ends  straight,  and  making  with  each 
other  an  angle  of  about  55®  The  length  of  the  wire  in 
front  can  be  reduced  as  may  be  required  till  the  point  of  the 
pen,  in  its  holder,  falls  conveniently  within  the  range  of  the 
elevating  screw  of  the  slide  rest  for  adjustment  to  height  of 
lathe  centre.  The  pen  is  placed  with  the  concave  side  upwards, 
and  usually  distributes  in  proper  quantity  the  ink  with  which 
it  may  be  chained.  Being  inclined  at  about  55°  to  the 
horizon,  the  pen  will  make  an  angle  of  about  35"  with  the 
paper,  which  is  held  vertically ;  a  position  which  is  found  to 
be  the  most  favourable  for  the  avoidance  of  spluttering.  This 
liability,  however,  cannot  be  avoided  entirely  ;  occasions  will 
arise  when  the  course  of  the  paper  carried  by  the  chuck  is 
such  as  to  render  the  pen  peculiarly  prone  to  catch  at  the 
slightest  inequality  ;  and  also  when,  during  a  retrograde  move- 
ment, the  ink,  especially  lithographic  ink,  which  is  not  so 
tractable  as  ordinary  writing  ink,  tends  to  quit  the  pen  too 
freely.  Under  such  circumstances,  an  exceedingly  slow  move- 
ment of  the  chuck,  an  occasional  withdrawal  of  the  pen,  and 
the  exercise  of  considerable  patience,  are  the  only  remedies. 

The  arrangement  for  the  pen  described  above  is,  it  will  be 
observed,  independent  of  a  spring  holder  ;  for  the  pen  does 
not,  like  the  pencil,  require  pressing  against'  the  paper.  On 
the  contrary,  when  charged  with  ink  it  attracts  the  paper,  and 
the  latter,  though  tightly  stretched,  clings  to  the  pen,  and  the 
continuity  of  the  inked  line  is  seldom  broken.  The  litho- 
graphic ink,  paper  and  pens  used  for  this  work  were  obtained 
from  Messrs.  Waterlow  &  Sons,  by  whom  also  the  diagrams 
were  transferred  to  stone  and  printed.     The  mark  left  by  this 
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ink  upon  the  prepared  paper,  though  sufficient  for  the  printer's  i 
use,  is  often  barely  perceptible.  But  when  the  pen  passes  over  I 
the  same  ground  more  than  once,  and  intersects  lines  already  1 
damp  with  a  previous  deposit  of  ink,  there  is  a  tendency  to  I 
tear  off  specks  of  the  composition  with  which  the  paper  is  I 
coated.  These  require  removal  from  the  point  from  time  to  ' 
time,  and  the  pen  should  be  kept  scrupulously  clean  ;  a  good  ' 
one  will  last  a  long  time,  and  the  greater  part  of  the  diagrams  j 
in  this  book  were  drawn  by  the  same  pen  without  renewal. 
In  some  of  the  more  complicated  figures  the  marks  are  only  I 
partial,  and  these  points  of  failure  of  ink  contact,  though  de- 
tracting from  the  effect,  may  help  to  show  more  clearly  the  ^ 
course  of  the  describing  point,  and  the  construction  of  the  I 
figure. 

It  may  be  useful  to  remark  here  that  while  the  sum  of  Ex. 
and  S.R.  remains  the  same,  the  size  of  the  figure  (or,  to  speak 
more  correctly,  the  diameter  of  the  circle  circumscribing  the 
figure)  also  remains  the  same,  and  that  while  t/ie  difference  of 
Ex.  and  S.R.  is  similarly  constant,  the  diameter  of  the  circle 
which  may  be  inscribed  in  the  figure  remains  unchanged. 
Whenever,  therefore,  it  is  desired  to  describe  a  curve  which  shall 
approach  within  a  definite  distance  {a)  of  the  centre  of  the  i 
surface,  and  which  shall  extend  for  a  specified  distance  {b) 
beyond  that  centre,  the  corresponding  values  for  Ex.  and 
S.R.  will  be  found  by  taking  {a)  for  the  difference  and  [b)  for 
the  sum  of  the  two  quantities.  And  their  sums  and  differences 
being  thus  given,  the  quantities  themselves  are  known  also. 
For  example,  if  a— 40,  bt^20.      (Fig.  32.) 

Ex.  +  S.R.  — 60      or     2  Ex.  =100      and  Ex.  ^1:50 
EX.-S.R.-40  3  S.R.^  20  S.R.-10 

But  so  far  as  the  outer  and  inner  boundaries  of  the  curve  are 
concerned,  it  is  immaterial  whether  the  higher  value  of  the 
two  which  are  obtained  in  this  manner  be  given  to  Ex,  or  to 
S.R. ;  and  in  the  instance  now  referred  to  it  happens  that 
Ex.  was  10  and  S.R.  50.  Therefore  when  a  succession  of 
curves  is  required  to  pass  through  a  point  in  their  course  1 
nearest  to  the  centre.  Ex,  and  S.R,  must  increase  or  diminish 
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together  equally,  and  when  a  similar  succession  of  curves  is 
to  pass  through  a  point  furthest  from  the  centre,  any  increase 
in  either  Ex.  or  S.R.  must  be  accompanied  by  a  corresponding 
decrease  in  S.R.  or  Ex.  When  Ex.  =  S.  R.  all  curves  pass 
through  the  centre  of  the  work,  />.,  the  axis  of  the  mandrel. 
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(  The  loop  increases,  and  ulti- 
J  mately  touches  the  opposite 
\  side   of   the    curve,  the   two 
(forming  one  circle. 

The  surface  carried  by  the 
terminal  wheel  has  no  rotation^ 
but  moves  round  in  a  circle  v/ith 
a  motion  of  translation  only. 
The  result  is  a  circle  whose 
radius  =  S.R.,  and  whose  cen- 
tre is  in  the  circumference  of 
the  circle  whose  radius  =  Ex. 
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An  ellipse  is  described,  whose 
semi-major  axis  =  Ex.  -f  S.R., 
and  semi-minor  axis  =  Ex.  — 
S.R.        The      conditions      of 

=  n,  and  Ex.  = 
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Hx. 
S.R.  'S.R. 

S.R,  are  identical,  and  yield  a 
straight  line. 
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The   characteristic  features  of  "consecutive"  loops  which 
always  result  from  integral  values  of  V,  both  internal  and 
external,  will  be  evident  from  these  examples.    The  number  of 
consecutive  loops  arranged  in  the  circumference  of  a  circle, 
which  the  geometric  chuck  can  produce,  is  only  limited  by  the 
size  of  the  apparatus  and  the  assortment  of  change  wheels ; 
the  highest  number  attainable  by  the  chuck  now  described 
being  256.     But,  speaking  generally,  the  curves  with  loops 
formed  consecutively  are  far  inferior  in  interest  and  variety  to 
those  called  "  circulating,"  where  the  loops  occur  alternately, 
or  at  wider  intervals.     Curves  of  this  latter  kind  are  obtained 
when  V  is  fractional  instead  of  integral,  and  it  is  to  be  pre- 
ferred that  the  fractional  value  sliould  be  greater  than  unity. 
In  every  such  case  it  will  appear  that  the  numerator  of  the 
fraction  expresses  the  number  of  loops  produced,  and  its  de- 
nominator expresses  the  number  of  times  which  the  describing 
point  will  pass  round  the  figure  before  the  curve  returns  into 
its  original  path ;  while  the  mixed  number  to  which  the  fraction 
may  be  reduced  shows  the  class  of  consecutive  loops  of  whose 
character  the  circulating  curve  partakes  by  repetition.    Sup- 
pose V= '/,  for  example,  =7\\  then  1 5  loops  are  produced,  and 
they  are  formed  at  some  distance  from  the  centre;  for  the  curve 
will  be  observed,  while  being  traced,  to  resemble  in  its  course 
a  figure  with  7  or  8  consecutive  loops.     But,  if  V=  y  =  2-f,the 
curve,  though  still  possessing  15  loops,  bears  a  strong  family 
likeness,  during  its  description,  to  the  ellipse,  or  to  the  two- 
looped  figure,  as  the  case  may  be. 

It  is  important  to  observe  that  the  fractional  value  assigned 
to  V  must  always  be  in  its  lowest  terms  ;  and  that  if  not  so 
expressed,  when  the  calculation  for  the  wheels  is  made,  the 
chuck  of  its  own  accord  will  reduce  the  fraction  to  that  condi- 
tion. It  is  not  possible,  for  instance,  to  obtain  a  curve  with 
16  loops  requiring  4  rotations  of  the  chuck  for  its  completion, 
nor  one  with  16  loops,  to  be  completed  in  6  rotations  ;  for  in 
the  former  case  we  should  have  simpl)'  a  4-looped  figure,  and 
in  the  latter  a  curve  with  8  loops  described  at  thrice,  notwith- 
standing the  wheels  had  been  correctly  arranged  in  accordance 
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with  the  values  assumed.  The  conditions  existing  between  n, 
as  representing  the  velocity  of  the  chuck  compared  with  that 
of  the  front  terminal  wheel, — and  V  as  representing  the  value 
of  the  train  of  wheels, — continue  in  force  for  fractional  values 
ofV;  and  the  curve,  although  circulating,  becomes  cusped 
when  ^  =  n,  and  rectilinear  to  some  extent  when  ^  =  n*  : 
the  symbol  n,  as  formerly,  being  V+ 1  or  V-i,  according  to  the 
directions  of  motion.  The  interest  and  variety  of  the  phases 
of  curves  described  with  different  directions  of  motion, 
ue,y  having  the  loops  external,  are  decidedly  superior  to  those 
attaching  to  curves  with  loops  turning  inwards. 

The  following  short  series  of  circulating  7-looped  curves  will 
be  a  suitable  introduction  to  the  employment  of  fractional 
values  for  V. 
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The  waved  fonn  occurs  with  a 
low  value  for  V  and  internal 
loops,  Ex.  being  considerably 
greater  than  S.R. 


■  Similar  to  figs.  40  to  43. 


The  same  development  of 
curves  now  arises  as  when 
n  -  I  and  V  =  J,  Figs.  53  to 
58,  provided  the  values  there 
given  for  Ex.  and  S.R.  are  ex- 
changed, the  one  for  the  other. 

n'    [Change  wheels  U 
on  B.  between  A  and 


Similar  to  Figs  43,43. 

Same  development  of  curves, 
Ex.  &  S.R.  being  interchanged, 
as  when  n  =  ,,  V  -  |,  Figs. 
38  to  43- 
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Same  development  of  curves, 
Ex.  and  S.  R.  being  interchanged, 
as  would  be  obtained  when 
n  =  6,  V  =  7,  the  figure  con- 
taining 7  consecutive  external 
loops. 

It  will  be  noticed  here  that  two  very  different  values  for  V, 
give,  on  three  occasions,  the  same  figure,  when  the  eccentricities 
of  the  slide  rest,  and  the  chuck  slide  are  exchanged.  This 
identity  of  result    occurs,  without  exception,  whenever  the 

numerical  value  of  n  in  one  case  is  equivalent  to  that  of- 

in  the  other.  There  are,  therefore,  always  two  ways  of  de- 
scribing the  same  simple  curve  with  external  loops,  whether 
consecutive  or  circulating. 

A  more  extended  series  of  fractional  values  for  V  will  now  be 
given,  taking  the  number  17  for  the  numerators  in  succession, 
and  varying  the  denominator  from  i  upwards. 


=  n     [Change    wheels   yf 
on  B,  32  on  E.] 

The  centre  of  the  figure  would 
be  much  crowded  if  both 
eccentricities  were  alike. 
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When  n  is  slightly  in 
excess  of  unity,  the 
:  n*  loops  l>oing  I'xtcmal, 
thcphasesofthecurve 
are  nunicroiis  and 
distinct,  cs|ieiially 
when  V.x.  and  S,R. 
arc  nearly  eijiial. 


:  n*   [Change  wheels  JJ.] 


Same  devdo])ment  of  curves, 
Ex.andS.R.beinninter(;hant;ed, 
as  when  n   =  g,  V    -   Y,  Iigs. 
I4S  toisa. 
,,     -  n'   [Change  wheels,  J5-] 
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Same  development  of  curves, 
F,x.  and  S.R.  being  interchanged, 
as  when  n  -  y,  V  =  V'l  F'gs. 
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[Change  wheels,  JJ-J 

There  is  now  much  similaniy 

between   the  remaining  curves 

of  the  serieswith  internal  loops, 

id  alternate  examples  only  are 

See  Figs   125  to  130,  where 
1  =  V,  V  =  y. 

^  =  n'     [Change  wheels,  JJ.] 


Similar  to  Figs.  160  to  162. 
See  Figs.   106  to    no,  where 

n  -.  v^  V  =  V. 

"-  =  n'    [Change  wheels,  JJ.] 


Simitar  to  Figs.  163  to  165. 
Sce  Figs.    87  to    90,    where 
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As  the  concluding  example  of 
le  series,  this  is  figured  more 
fully  ;  but  the  curve  resembles 
those  which  precede  it  with  in- 
ternal loops. 


i 


A 


i 


Values  of  V  less  than  Unity. 
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See  Figs.    77    to   82.  where 
n  =  16,  V  =  17. 

The  one-looped  figure,  Figs. 
I  to  4 

Result,  a  circle  (see  page  17.) 

The  series  15  now  completely  examined  from  17  to  i,  pro- 
ceeding by  fractionat  intervals  ;  and  the  phases  of  that  division 
of  the  figures  which  is  distinguished  by  external  loops  have 
manifestly  been  exhausted  :  since  it  proves  to  be  impractic- 
able to  reduce  the  value  of  V  below  2  for  external  loops,  and 
still  to  obtain  fresh  results.  But  with  internal  loops  we  may 
reasonably  expect  some  further  variety  by  continuing  the 
series  of  fractional  values  for  V  downwards  below  unity  :  and, 
in  conducting  this  examination,  it  will  be  convenient  to  resume 
the  consideration  of  the  7-looped  circulating  figure  (Figs.  38 
to  70),  as  requiring  a  less  lengthy  analysis  than  the  correspond- 
ing curve  with  17  loops  which  has  just  received  illustration  up 
to  a  certain  point. 
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Though  the  arbors  are  even 
in  number,  the  loops  now  turn 
inwards,  and  the  curve  is  the 
same  as  that  when  n  =  8, 
V  =  7,  Ex.  and  S.R.  being  in- 
terchanged. 
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Same  development  of  curves, 
Ex.  andS.R.  being  interchanged, 
as  when  n  =  J,  V  =  J.  Figs. 
381043- 

-  =  n'  [Change wheels,  fi-SJ.] 


Same  development  of  curves, 
Ex.andS.R.beinginterchanged, 

.  when  n='5',  V  =  J.     Figs. 
50  to  52. 

'  [Changewheels,ff.SJ.] 


See  Figs.  59  to  6a, 
where    n  =  y,    V  =  J. 

:  n',  Changewheels.JJ.JJ.] 


'  [Changewheels,j;.S|.] 


See   Figs.   67   to    70,   where 
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Twe  ways  of  describing  the  same  Curve. 
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See  Figs,  i  to  4,  where  n  =  2, 
.  V=i. 

WTien  the  denominator  of  the  fractional  value  of  V  has 
reached  14,  that  value  has  become  equal  to  \,  and  the  result 
(the  number  of  arbors  being  odd)  is  a  one-looped  figure 
described  at  t^ice,  />.,  requiring  two  rotations  of  the  surface 
for  its  completion  (figs.  195  to  197) ;  and  if  the  series  were 
further  extended  till  the  denominator  became  21,  we  should 
nave  V  =  ^,  and  the  cur\'e  would  again  have  one  loop,  but 
described  at  thrice ;  the  intervening  values  yielding  similar 
results  to  those  shown  by  figs.  191  to  194-  Such  a  continu- 
ance, however,  of  diminishing  values  for  V  would  afford  no 
new  feature,  and  would  be  contrar>''  to  the  principle  and 
intention  of  the  Geometric  Chuck,  whose  mechanism  con- 
templates a  reduction,  not  an  acceleration,  of  the  velocity  of 
its  terminal  wheel.  At  the  same  time,  it  would  certainly  be 
practicable  in  order  to  obtain  figures  of  this  class  to  apply 
the  driving  power  to  the  front  wheel  of  the  chuck  by  an 
elastic  band  instead  of  the  mandrel  pulley. 

On  comparing  the  tabulated  adjustments  for  the  two  sets  of 
seven-looped  figures  (38  to  70  and  171  to  197;.  we  again  .see 
that  different  values  for  V  have  produced  the  same  cur\'e  ;  for 
there  are  six  cases  in  the  latter  set,  which  when  the  loops  are 
internal,  although  the  arbors  are  even  in  number,  correspond 
perfectly,  by  interchange  of  Ex.  and  S.R.,  with  six  cases  in  the 
former.  And  this  identity  arises  as  before  from  the  circum- 
stance that  the  numerical  value  of  n  in  one  instance  hapjxms 

to  coincide  with  that  of  —  in   another.      On   the   former    oc- 

n 

casion  we  found  (page  22)  that  the  external  looped  curve, — 

for  example,  that  figured  38  to  43 — was   equally  (AiliiintA 

whether  V  was  —   or    — .  n  beinc:  —  in  one  case,  and  ^  in 
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the  Other,  (n  of  the  one  =  of  the  other) :  and  it  now  ap- 
pears that  the  internal  looped  curve  of  the  same  class  (figs, 
63  to  66)  is  equally  obtained  whether  V  was-^  or  ~,  n    being 

—  in  one  case,  and  —  in  the  other,  (n  of  the  one  —   —     of 
S  '  13  n 

the  other).  It  may  now.  therefore,  be  stated  more  fully  than 
on  page  22,  that  there  are  alwaj-s  two  ways  of  describing  the 
same  simple  curve,  whether  its  loops  be  consecutive  or  circu- 
lating, and  whether  they  be  internal  or  external.  It  does  not 
follow,  however,  that  both  waj's  will  be  equally  eligible.  The 
mechanism  of  the  chuck  works  more  pleasantly  when  its  speed 
is  greater  than  that  of  its  front  terminal  wheel,  and  the  curve* 
is  traced  more  easily  and  with  less  change  in  the  position  of 
the  describing  point  with  reference  to  its  path  on  the  moving 
surface  when  the  eccentricity  of  the  slide  rest  is  less  than  that  of 
the  chuck  slide.  But  occasions  may  present  themselves  when 
it  may  be  advantageous  to  have  the  choice  of  the  two  methods, 
and  the  following  simple  formulae  will  provide  for  the  calcu- 
lation of  each  pair  of  values  for  V. 

Let  V  =  —  which  will  embrace  all  values,  for  if  V  is  in- 

q 

tegral,  q  —  i. 

Then,  the  loops  being   internal,  V  may  be  made  equal  to 

— - —  or  to    ^  indiscriminately,  provided    Ex.  and   S.R.  are 

p  ^  q  q  '    ^ 

exchanged,  the  one  for  the  other  ;  also,  the  loops  being /y/ic^v/i?/, 

V  may  be  made  equal  to  — 2_  or   to    —      indiscriminately. 

'  ^         p— q  q  " 

provided  Ex.  and  S.R.  are  exchanged  the  one  for  the  other. 
It  will  have  been  observed,  and  this  is  the  exception  referred 

to  in  page  5,  that  when  V  is  less  than  unity,  a  change  in  the 
number  of  arbors  makes  no  alteration  in  the  direction  of  the 
loops,  which  under  this  condition  are  always  internal. 

Many  of  the  lower  or  fractional  numbers  arc  of  pleasing 
form,  and  specimens  of  three  are  given  in  the  following 
figures : — 
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All  the  examples  hitherto  given  consist  in  each  case  of  one 
continuous  line ;  but  to  produce  ornamental  effects  in  simple 
geometric  turning  it  is  often  necessary  to*  employ  several 
curves  in  the  same  designs,  and  to  change  the  adjustments 
singly  or  in  combination,  in  the  following  manner: 

(i.^  By  varying  the  position  of  the  detent  in  the  fixed 
first  motion  wheel  behind  the  chuck. 

(ii.)  By  varying  the  distance  (S.R.)  of  the  describing  point 
in  the  slide  rest  from  the  axis  of  the  mandrel. 

(iii.)  By  varying  the  distance  (Ex.)  of  the  centre  of  the  front 
terminal  wheel  from  the  axis  of  the  mandrel 

(iv.)  By  varying  the  diminishing  effect  (V)  of  the  train  of 
change  wheels. 

Adjustment  (i.)  produces  the  same  phase  of  the  same  cur\'e  as 
before,  but  in  another  angular  position,  with  reference  to  a  line 
drawn  through  the  common  centre  of  the  figure.    For  example : 
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In  each  of  these  figures  there  are  four  curves,  the  repetition 
being  obtained  by  releasing  the  detent  of  the  first  motion 
wheel,  and  re-clamping  it  six  teeth  in  advance,  or  the  twenty- 
fourth  part  of  its  circumference,  before  tracing  the  next  curve. 

Adjustment  (ii.)  produces  another  phase  of  the  same  curve, 
but  in  the  same  angular  position  as  before. 
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If  this  variation  be  adopted  on  both  sides  of  the  axis  of  the 
mandrel,  moving  the  describing  point  in  the  slide  rest  as  much 
to  the  right  of  the  central  position  as  it  was  at  first  to  the 
left,  the  same  curves  are  described  in  corresponding  positions  ; 
but  the  undulations  of  each  pair  are  opposed,  loops  occurring 
in  the  second  curve  where  spaces  existed  in  the  first. 

V      Ex.      S.R.  Fig. 

8  out,     45,     3  to  15,  (repeated  on  each  side  the  centre)   205 

5    in,      43,    6  to  18,  „  „  „  206 

Here   the  effect   is   the  same  as  if  the  curves   had   been 

repeated,  with  the  same  positions  of  the  describing  point,  but 

with  alterations  in  the  position  of  the  detent  in  the  first  motion 

wheel. 

Adjustment  (iii.)  produces  also  another  phase  of  the  same 
curve,  but,  in  Ibbctson's  chuck,  with  rectilinear  slide  and  link 
motion, ho/ in  the  sameangularpositionasbefore.  For  the  action 
of  the  eccentric  slide  induces  some  rotation  in  the  train,  and 
,  thus  changes  the  relative  positions  of  its  first  and  last  wheels  ; 
thereby  causing  the  front  terminal  wheel  and  the  surface 
which  it  carries  to  take  up  a  new  angular  position,  and  thus 
producing  the  effect  of  an  arbitrary  alteration  of  the  detent  of 
the  first  motion  wheel.  This  is  confessedly  a  disadvantage  to 
the  simple,  or  "  Part  I. "  Geometric  chuck  of  this  construc- 
tion, when  used  alone  ;  amply  counterbalanced,  however,  by 
the  superior  facilities  for  adjustment  when  Parts  I.  and  11,  are 
combined,  and  by  the  freedom  from  the  constant  clamping  and 
unclampirg  required  at  every  change  of  the  eccentric  slides, 
when  the  "  link  motion  "  is  not  provided,  and  a  portion  of  the 
train  is  carried  on  a  separate  radius  plate. 

The  inequality  of  angular  position  in  two  curves,  having 
different  values  for  Ex.,  is  practically  remedied  by  moving 
the  detent  of  the  first  motion  wheel  past  a  certain  number  of 
teeth  (and  parts  of  a  tooth,  if  necessarj'),  until  the  position  of 
the  new  curve  is  found  by  trial  to  assimilate  with  that  of  the 
old  one.  When  a  whole  number  of  teeth  will  not  effect  this 
accurately,  a  distance  equal  to  any  desired  fraction  of  a  tooth 
is  accomplished  by  altering  the  end  finger  screws  of  the  detent 
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plate  under  the  guidance  of  its  vernier.      The  Ji<i  ■riiL'-.i  p:    • 
duced   by  a  change  of   eccentricity  among  the  consecjii-.  . 
cur\'es  of  the  following  r.gurc  is  corrcc:cJ  in  rig.  210. 
V  Ex.  S.R.  Flrr, 

8     in  iS  to  ;4  2  to  6  JCX) 

(Ex.  increasing  by  45.     S.R.  incrcasin;^  by  05. 
The  correction,  however,  was  not  obtained   here   bv   tria  . 
but  automatically,  by  the  following  expedient.     The  contri\ 
ance  consists  of  a  separation  of  tlie  96  wlieel  upon   tiie   A 
arbor,    into  two  concentric    portions,   of    which  either  ma\ 
rotate  without  the  other,  though  the  two  can   be  ciamj)eil 
firmly  together  by  a  thin  steel  ring  and  binding  scre'.v>.     In 
that  condition   the  divided  wheel  forms  a  rigid   whole,   br.i 
when  the  screws  are  released,  the  notation  which  wouK;  other- 
wise occur  in  the  train  by  the  action  of  the  eccentric  slide  is 
prevented,  since  the  inner  disc  of  the  wheel  on  A  is  frjc  to 
move  on  its  axis  without  its  toothed  peripiiery.   Consoqaontly 
it   is  practicable  for  the  extreme  wheels  of  the  train  to  r»o 
clamped  by  their  respective  detents,  while  the  eccentric  slide 
receives  any  desired  alteration,  and  the  m(.)vement  whicli  th.^t 
alteration  causes,  in  the  link  motion  and  subsequent  v.hcj!^. 
expends  itself  harmlessly  in  the  partial  rotation  of  the  in:Ter 
disc  of  the  divided  wheel.     And  the  fixity  of  mutual  po>ition 
which  has  thus  been  preser\'ed  between  the  first  motion  ulieel 
and  the  front  terminal  wheel,  secures  the  same  angular  [posi- 
tion for  each  succeeding  curve.     The  modus  cfcrivuii  \<>  brivt1\- 
this:  (i)  Clamp  the  mandrel  pulley  by  its  tangent  screw  :\\  a 
moment  when  the  teeth  of  the  detent  of  tlie  front  tcrn.ina! 
wheel  are  exactly  opposite  to  any  corresponding  spaces  in  tiie 
latter.      (2)  Clamp  the  front  terminal   wheel.      (3)    Release 
the  binding  screws  of  the  divided  wheel  on  A.     (4)  Alter  tiie 
eccentric  slide  as  may  be  desired.     (5)  Tighten  the  binding 
screws  of  the  divided  wheel  on  A,    (6)  Release  clamp  of  front 
terminal  wheel.    (7)  Unclamp  mandrel  pulley.     It  is  important 
to  guard  against  "  loss  of  time  '*  in  this  operation ;  and  with 
this  view,  when  the  eccentricity  of  the  slide  is  to  be  ina  cased 
the  motion  of  the  chuck  should  be  reversed  for  a   few  turns 
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before  clamping ;  when  the  eccentricity  is  to  be  diminished 
this  precaution  is  unnecessary. 

The  following  figures  exemplify  the  disturbance  caused  by 
a  larger  eccentricity,  and  its  correction  : — 

^ig-  211  I      ^2  out.     90  to  98.     5  to  13.      Ex.  increased  by  2 
''    ^^^^  S.R.  „  2 

When  this  expedient  of  the  divided  wheel  is  not  employed, 
recourse  must   be  had  to  an  alteration  of  the  detent  of  the 
first  motion  wheel,  cither  by  trial  or  by  calculation.     The 
extent  of  alteration  that  will  be  necessary  depends,  not  only 
upon  the  amount  of  eccentricity  which  has  caused  the  dis- 
turbance, but  also  upon  the  value  of  the  train.      And  it  is 
unfortunate  that  when  the  proper  compensation,  with  a  given 
train  of  wheels,  has  been  determined  for  a  given  increase  of 
eccentricity,  at   one  part  of  the  slide  provided  with   "  link- 
motion,"  it  will  not  answer  for  the  same  increase  of  eccen- 
tricity  at   another   part.      For   the   slide   has   a  continually 
increasing,  and  not  an  uniform,  effect  upon  the  wheels  in 
which  its  movement  induces  a  small  amount  of  rotation.  And 
the  greater  the  eccentricity  happens  to  be,  prior  to  receiving 
a  definite  addition,  the  greater  is  the  consequent  disturbance. 
But   it   is   possible   to   calculate    beforehand    the    precise 
quantity  of  correction,  at  the  first  motion  wheel,  which  will  be 
necessary,  whatever  may  be  the  value  of  V,  and  whatever 
may  be  the  position  of  the  slide  at  which  an  alteration  of 
eccentricity  is  to  take  place.     To  do  this  it  is  first  requisite 
to  establish  with  considerable  accuracy  the  correction  which 
corresponds,  when  V=i,  to  a  movement  from  one  graduation 
to  the  next,  i,i\  for  every  tenth  of  an  inch,  over  the  whole 
scale  of  the  eccentric  slide.     This  could  no  doubt  be  arrived 
at  theoretically,  the  exact  distances  of  the  wheels  comprising 
the  link  motion  from  their  respective  centres  and  from  the 
centre  of  the  front  wheel  being  carefully  measured.     But  it 
will  answer  every  purpose  to  obtain  the  desired  information 
experimentally ;  such  a  method  has  the  advantage  of  being 
tested  by  the  amateur  at  any  time,  and  it  may  readily  be 
accomplished  in  the  following  manner. 
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Let  change  wheels  be  attached  to  the  chuck  affording  any 
convenient  integral  value,  6  or  8  for  example.  Clamp  the 
front  wheel,  leaving  the  first  motion  wheel  at  liberty ;  clamp 
also  the  mandrel  pulley.  Then  the  whole  disturbing  effect 
upon  the  train,  caused  by  an  alteration  of  the  eccentric  slide 
will  be  concentrated  upon  the  first  motion  wheel,  which  will 
receive  successive  impulses  of  rotation,  gradually  increasing 
in  amount,  corresponding  to  the  successive  intervals  of 
advance  of  the  slide  by  a  tenth  of  an  inch  at  a  time,  from  zero 
to  its  limit  of  about  two  inches.  The  intervals  thus  passed 
over  by  the  first  motion  wheel  can  be  observed  with  much 
exactness,  and  estimated  to  the  tenth  part  of  a  graduation,  by 
fixing  a  slip  of  stout  writing  paper  behind  the  detent  clamp 
on  the  brass  plate  for  use  as  a  fiducial  edge  parallel  to  the 
graduations.  The  spaces  thus  passed  over  by  the  first 
motion  wheel  are  to  be  written  down  as  they  arise,  and  the 
experiment  should  be  repeated  in  various  forms  with  values  for 
V  ranging  from  about  4  to  10  ;  not  going  lower  than  4, 
because  the  effect  is  not  then  so  apparent,  nor  higher  than  10, 
because  the  strain  upon  the  wheels  with  so  considerable  a 
multiplying  power  as  their  inverted  action  would  then  pro- 
duce might  tend  to  destroy  their  uniformity  of  movement. 

Each  series  of  observations,  divided  by  its  special  value  for 
V,  should  give  the  same  series  of  numbers,  or  as  nearly  so  as 
the  inevitable  errors  of  the  process  will  permit.  Then,  taking 
a  mean  of  all  the  results,  a  set  of  numbers  will  be  obtained, 
such  as  the  following,  which  will  represent  the  correction  to 
be  made  at  the  first  motion  wheel,  when  V=i,  for  an  alter- 
ation of  one-tenth  of  an  inch,  from  any  one  graduation  to  the 
next,  in  the  eccentricity  of  the  slide.  And  it  is  obvious  that 
for  any  other  value  of  V,  whether  integral  or  fractional,  the 
proper  correction  at  any  part  of  the  slide  will  be  found  by 
multiplying  together  that  value  and  the  corresponding  number 
in  the  table  ;  while  if  any  alteration  in  the  eccentric  slide  of 
less  amount  be  made,  the  suitable  correction  can  be  obtained 
by  interpolation. 


I'l.slk'c 

Lorrectim, 

moved  from 

when  V- I. 

moved  from 

WhcnV-t. 

o  to     lO 

0-258 

100  to  110 

0-620 

lO —    20 

0-292 

1 10 —  [20 

0657 

20—     30 

0-326 

120—  130 

0-694 

30—    40 

0-360 

130—140 

0-732 

40—    SO 

0'405 

140—150 

0771 

50—60 

0-440 

i;o  —  160 

0-810 

60—70 

0475 

1 60  —  1 70 

0-850 

70—    Ho 

0-51  [ 

[;o—  kSo 

o'8gi 

So—  90 

f547 

180  —  190 

0933 

go  —  100 

o'5S3 

igo  — 200 

0-976 

Tlie  correction  is  here  expressed  in  decimals  of  a  tooth  of 
the  first  motion  wheel,  and  it  can  be  translated  to  the  nicety 
of  one-tenth  of  a  tooth  by  the  vernier  which  regulates  the 
adjustment  of  the  brass  plate  carrying  the  detent  clamp ;  or 
by  a  tangent  screw  with  decimal  graduations,  if  that  arrange- 
ment could  be  applied  to  the  first  motion  wheel. 

It  is  essential  that  "  loss  of  time "  be  annihilated  before  the 
iibservations  arc  commenced.  This  can  be  done  by  carrying 
the  eccentric  slide  backwards  beyond  its  zero  or  central  point, 
as  far  as  it  will  go,  and  pressing  the  tiain  together  by  hand, 
bringing  the  wheels  well  into  contact,  in  the  direction  in  which 
they  will  commence  to  turn  when  the  slide  is  moved  forwards. 
And  the  same  precaution  can  be  observed  when  the  slide  is 
moved  backwards  and  the  readings  are  reversed.  The  cor- 
rection will  of  course  be  the  same  for  the  same  value  of  V. 
whether  the  loops  be  "  in  "  or  "  out,"  but  its  direction  will  be 
different  in  the  two  cases.  When  the  loops  are  "  in,"  or  the 
arbors  from  A  to  E  inclusive  are  uneven  in  number,  an  increase 
in  the  eccentricity  will  require  the  correction  at  the  first  motion 
wheel  to  take  place  in  the  order  of  its  graduations  ;  but  when 
the  loops  arc  "out,"  an  increase  of  eccentricity  requires  for 
correction  a  decrease  at  the  first  motion  wheel. 

As  an  example  of  the  use  of  this  table  suppose  V=  16,  and 
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that  a  curve  having  been  described  with  Ex.:i=6s,  it  is  required 
to  add  another  with  Ex.=  io6  and  similarly  situated;  the 
value  of  S.R.  being  here  immaterial,  since  it  has  no  influence 
upon  the  associated  curves.  The  correction  from  60  to  70  is 
tabulated  as  -475,  therefore  from  65  to  70  will  be  '24.  Again, 
from  100  to  I  ID  the  correction  is  "62,  therefore  from  100  to  106 
will  be  '372.  To  these  two  interpolated  numbers  we  must  add 
the  three  intervening  terms  from  70  to  100,  and  the  addition 
of  the  whole  five  amounts  to  2*253.  ^^  ^'^^^^  remains  to  mul 
tiply  this  total  by  the  value  supposed  for  V,  viz.,  16,  gi vin<^ 
36*1  teeth  nearly  as  the  required  extent  of  correction. 

But  there  is  another  method   of  correcting  definitely,  and 
without  either  calculation  or  special  apparatus,  the  disturbance 
in  the  angular  position  of  the  front  terminal  wheel,  whether 
caused   by  an    alteration  in  the  eccentric  slide,  or  by  a  re- 
arrangement   of   the  train.      And  that  is  to  provide,  before 
commencing  the  work,  a  short  line  of  reference  as  near  the 
circumference  of  the  surface  as  it  can  be  placed.     In  marking 
this  preliminary  line,  by  the  describing  point  in  the  slide  rest, 
the  mandrel  pulley  should  be   previously  fixed   by  its  index 
or  tangent  screw ;  and  after  any  disturbance  of  the  cliuck  it 
is  only  requisite  to  reclamp  the  mandrel  pulley  at  the  same 
point  as  before,  and  then  by  means  of  the  adjustment  at  the 
first   motion   wheel,   to   bring    the  line  of  reference  again  to 
coincide  with  the  describing  point.     The  plan  succeeds  per- 
fectly, but  like  that  last  mentioned   requires  care  in  avoiding 
*Moss  of  time**  among  the  wheels;  and,  to  this  end, the  line 
of  reference  should  be  brought  up  to  the  describing  point,  or 
be  brought  doivn,  in  whichever  direction  the  surface  is  about 
to  travel.     The  constant  traverse  of  the  slide  rest  screw  from 
the  line  of  reference    to  the  spot  where  the  Qwrv^i  is  to  be 
traced,  and  back  again,  is  objectionable,  for  the  sake  of  the 
screw ;  but,  on  the  whole,  this  method  is  as  satisfactory  and 
convenient  as  any.     Figs.  213  and  214  illustrate  its  applica- 
tion ;  each  consists  of  several  distinct  curves  requiring  frequent 
chancres  both  of  the  eccentric  slide  and  the  train  of  wheels. 
Above  each  figure  may  be  noticed  a  short  line  marked  a  b : 
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and  this  reference  line  was  always  made  hori30ntal,  tile 
mandrel  pulley  being  secured  at  the  same  point  on  each  oc- 
casion, after  each  change  in  eccentricity  or  in  the  train  of 
wheels. 

Adjustment  (iv),  the  last  of  those  stated  on  page  31. 
necessarily  involves  a  complete  disturbance  of  the  chuck,  and 
it  is  not  easy  after  an  alteration  in  the  train  of  wheels  to 
bring  the  new  curve  exactly  into  a  symmetrical  position  with 
its  predecessors.  The  use  of  the  divided  wheel,  or  of  the  short 
reference  line  as  just  explained,  may  sometimes  succeed,  but 
it  is  not  often  to  be  expected  that  a  train  of  wheels  can  be 
composed,  and  brought  properly  into  gear,  while  its  two  ex- 
tremes are  clamped  to  prevent  rotation. 

The  good  effect  of  a  simple  geometric  figure  naturally 
depends  upon  the  taste  and  skill  with  which  its  component 
curves  are  arranged.  Where  there  is  so  much  room  for  in- 
vention the  amateur  will  generally  prefer  to  design  his  own 
patterns  ;  but  some  valuable  hints  on  this  branch  of  the  art 
will  be  found  in  the  earlier  illustrations  of  Mr.  Savory's  work  re- 
ferred to  in  the  preface ;  Nos.  44, 46,  and  48,  for  instance,  of  the 
lirst  series  of  those  figures  seem  especially  elegant  and  original. 
It  may  be  well,  however,  to  bear  in  mind  that  consecutive  loops 
are  less  susceptible  of  varied  results  than  circulating,  and  in- 
ternal loops  less  satisfactory  than  external.  But  the  interest- 
ing cliaracter  of  curves  produced  by  the  compound  Geometric 
Chuck  is  so  much  greater,  and  the  frequency  of  its  adjustments 
necessary  for  the  completion  of  a  design  so  much  fewer,  that 
the  amateur  who  has  such  an  apparatus  at  his  disposal  will  not 
often  wish  to  reduce  its  capabilities  to  the  simple  form. 
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CHAPTER  II. 


The  Compound  Geometric  Chuck. 


Tilt  simple  Geometric  Chuck  is  converted  into  a  compound 
or  **  two-part "  form  by  the  addition  of  a  second  somewhat 
smaller  chuck  (in  all  respects  resembling  that  which  has  been 
already  described),  screwed  at  pleasure  upon  the  nose  of  the 
first ;  and  the  distinct,  though  combined,  portions  are  spoken 
of  as  Part  I.  and  Part  II.  The  epicyclic  train  of  the  second 
part  is  also  of  similar  arrangement  to  that  of  the  first,  with 
removable  arbors  fitting,  as  before,  into  a  curvilinear  mortise, 
but  receiving  no  wheel  of  larger  size  than  ^  teeth,  owing  to 
the  more  limited  space  afforded  by  the  less  diameter  of  the 
second  foundation  plate.  And  when  the  two  distinct  "  parts  " 
are  thus  united,  and  converted  into  a  double  chuck,  the  ar- 
rangement and  effect  of  their  several  independent  centres  of 
motion  stand  thus  : — 

(i.)  The  foundation  plate  of  Part  I. :  making  as  many  rota- 
tions as  the  lathe  mandrel  upon  which  it  is  screwed,  and  in 
the  same  direction. 

(2.)  The  first  motion  wheel  of  Part  I. :  which  is  clamped 
as  formerly  to  the  face  of  the  headstock,  and  does  not  rotate 
at  all,  except  as  a  matter  of  adjustment. 

(3.)  The  front  terminal  wheel  of  Part  I. :  whose  rotations 
and  their  direction,  as  compared  with  those  of  the  mandrel, 
depend  upon  the  value  of  the  train  of  change  wheels  behind 
it ;  while  its  centre  of  rotation  is  determined  by  the  eccentric 
slide  upon  which  it  is  mounted. 

(4.)  The  foundation  plate  of  Part  II. :  which  is  screwed  on 
to  the  front  terminal  wheel  of  Part  I.,  and,  therefore,  partakes 
of  its  motion  in  every  particular. 


(5.)  Tlic  first  motion  wheel  of  Part  II.:  whicli  is  clamped 
to  the  eccentric  slide  of  Part  I.  by  the  detent  which  properly 
belongs  to  the  front  terminal  wheel  oF  Part'I.,  and  which  is 
brougiit  forward  for  tills  purpose  by  a  temporary  brass  packing. 
This  first  motion  wheel  of  Part  II.,  therefore,  makes  as  many 
rotations  as  that  of  the  foundation  plate  of  Part  I.,  i.e..  as  the 
mandrel ;  and  its  centre  of  rotation  is  coincident  with  tliat  of 
the  front  terminal  wheel  of  Part  I. 

(6.)  The  front  terminal  wheel  of  Part  11.:  whose  centre  of 
rotation  depends  upon  the  eccentric  slide  of  Part  II.  which 
carries  it. and  whose  actual  rotations  are  influenced, as  to  number 
and  direction,  by  the  combined  effect  of  the  epicyclic  trains  of 
both  Part  Land  Part  II.  A  detentapplies  to  this  last  terminal 
wheel  for  preventing  all  rotation  of  the  train,  when  the  detent 
of  the  lirst  motion  wheel  of  Part  I.  is  released  and  the  chuck 
is  used,  strictly  in  a  central  condition,  as  a  holding  chuck  only, 
for  the  preparation  of  the  surface  which  is  to  receive  the  curves. 

The  method  and  progress  of  this  combined  motion,  resulting 
from  the  two  epicyclic  trains  and  two  separate  eccentricities, 
are  singularly  curious,  and  the  results  are  often  unexpected  to 

surprising  degree.  Very  many  examples  of  compound 
geomelric  turning  are  now  to  be  met  with,  both  in  private 
hands  and  in  the  books  to  which  reference  has  already  been 
made,  and  it  is  hoped  that  the  explanations  about  to  be  given 
will  render  the  construction  of  such  figures  more  intelligible 
ifnd  more  interestinj,'. 

In  all  that  follows,  the  notation  will  correspond  to  that 
already  employed. 

S.R.,  sometimes  spoken  of  as  the  "radius."  denotes  the  dis- 
tance measured  on  the  slide  rest  from  right  to  left,  or  towards 
the  observer,  of  the  describing  point  from  the  axis  of  the 
mandrel;  the  slide  rest  being  placed  transversely  upon  the  lathe 
bearers,  parallel  to  the  chuck,  and  the  describing  point  being 
correctly  adjusted  for  height  of  centre. 

Kx,  and  Exg  denote  the  eccentricities  given  to  the  eccentric 
slides  of  Part  I,  and  Pari  J  I.,  respectively;  these  quantities,  as 
1  as  S.R  .  being  atwayri  cxprc-^scd  in  luindrcdlh'*  of  an  inch. 
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V,  denotes  the  value  or  diminishing  effect  of  the  train  of 
wheels  of  Part  I. ;  and  V^  has  the  same  signification  for  Part  II. 
The  addition  of  *'  in  "  or  "  out  "  to  these  two  symbols  is  essen- 
tial to  their  proper  interpretation,  and  indicates  that  for  "  in  " 
the  number  of  arbors  employed  is  odd,  and  for  **  out "  the 
number  of  arbors  is  even.  Under  ordinary  circumstances,  and 
regarding  each  part  separately,  the  simple  loops  with  the  ar- 
rangement thus  specified  would  turn  inwards  or  outwards, 
according  to  this  designation.  But  as  regards  the  resulting 
compound  curve,  the  direction  of  the  individual  loops  generally 
varies  according  as  Ex,  is  made  greater  or  less  than  Ex^, 
although  no  alteration  has  been  made  in  the  number  of  arbors 
of  the  train  of  either  part.  This  is  shown  very  clearly  in  figs. 
1,084  and  1,085,  compared  with  figs.  1,092  and  1,093,  where 
the  difference  in  direction  of  loops,  as  will  be  seen  by  referring 
to  the  tabulated  adjustments,  is  caused  solely  by  an  inversion 
of  the  values  assigned  to  Ex^  and  Ex.^. 

The  reducing  effect  of  the  train  of  wheels  in  Part  II.,  upon 
the  front  terminal  wheel,  is  obtained  just  as  in  Part  I.  ;  and 
the  observations  already  made  upon  this  head,  and  the  rules 
already  given  for  calculating  the  value  V  of  any  arrangement 
of  wheels,  and  for  ascertaining  what  wheels  should  be  used  to 
produce  any  desired  value  of  V^,  will  apply  to  Part  II.  as  well 
as  to  Part  I.  Hut  owing  to  the  more  limited  dimensions  of 
train  accommodation  in  Part  II.,  and  to  the  fact  that  both 
parts  have  to  be  supplied  from  one  collection  of  change  wheels, 
it  is  not  always  easy  to  arrange  satisfactory  trains  for  both. 
i\nd  it  not  unfrequently  happens  that  a  wheel,  of  which  no 
duplicate  may  be  at  hand,  which  would  be  ver\'  suitable  for 
Part  I.,  is  absolutely  essential  for  Part  II.,  and  consecjuently 
the  train  intended  for  Part  I.  must  undergo  some  modification. 

It  may  be  useful,  therefore,  to  enlarge  a  little  upon  the  com- 
position of  trains  for  Part  II. 

For  low  values  of  Vo,  whether  integral  or  fractional,  it  is 
generally  sufficient  to  introduce  a  single  pair  of  wheels,  on  a 
removable  arbor,  between  the  64  on  K  (which  receives  its 
motion  from  the  96  first  motion  wheel  of  Part  11.)  and  the  64 
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on  A,  which  transfers  the  motion  to  the  front  of  the  chuck-. 
And,  as  was  explained  when  treating  of  Part  I,,  this  pair  of 
wheels  will  be  represented  by  a  fraction  equivalent  to  V, 
divided  by  2  :  for  hi  Part  11.,  as  well  as  in  Part  I.,  2  is  the 
diminishing  effect  of  the  permanent  wheelsof  the  train.  Thus, 
if  Vj  =  S,   the    pair    of    wheels   required   will    be   equal   to 

— ^  =  —  =  ^.  And  if  V„  =  — ,  the  fraction  indicatinf;  the 
proportion  which  must  exist  between  the  corresponding  pair 
of  wheels  will  be  — ,  and  the  wheels  themselves  may  be  48  and 
36,  or  56  and  42,  or  any  others  in  the  same  proportion. 
Fractions,  which  can  only  be  represented  by  two  pairs  of 
wheels,  are  to  be  developed  as  already  shown  on  p.  13  ;  and  the 
rule  continues  in  force  that  the  wheel  first  placed  upon  the 
removable  arbor  represents  the  numerator  of  the  fraction,  and 
the  second  wheel  its  denominator. 

The  higher  values  of  V,j,  which  are  less  easy  to  provide 
than  similar  values  of  V, ,  arc  obtained  by  placing  a  24  wheel 
on  the  first  plane  of  the  E  arbor, — the  64  being  on  the  third, — 

and  using  for  the  next  pair  the  attached  —  (noticed  in  connec- 
tion with  Part  I.,  page  13),  whose  arbor  is  short  enough  to 
pass  behind  the  64  on  E.  The  arbors  are  now  being  again 
distinguished  by  letters  of  reference  from  A  to  E,  as  pre- 
viously, and  the  former  plan  of  writing  down  the  wheels  and 
spaces  in  their  correct  positions,  in  three  lines  underneath  these 
letters  of  reference,  as  adopted  in  the  tabulated  adjustments 
for  integral  values  of  V,  which  are  furnished  by  Messrs. 
Holtzapffel  and  Co.  with  tlicir  chucks, — cannot  be  improved 
upon.  Adopting  that  method  of  description,  and  assuming 
for  the  present  that  one  other  pair  of  change  wheels  upon  the 
arbor  B  will  afford  a  sufficient  reduction  of  velocity  in  Part  11., 
the  train  would  be  indicated  as  follows  : — 

A.     B.     C.     D.     E. 

64      b      —    —     64 

-  b-  24 

-  —  48  —  24 
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Now,  to  ascertain  the  complete  effect  of  the  train,  we  must 

begin,  as  in  Part  L,  with  the  96  front  terminal  wheel  of  Part  II., 

and  include  the  wheels  of  the  link  motion  in  front,  as  well  as 

the  96  first  motion  wheel  of  Part  II.     And,  as  a  whole,  they 

stand  thus : — 

96        64         b'        48        64 

32    '     b         24        24        96 

The  first  and  last  of  these  fractions  represent  the  permanent 

wheels  of  the  train,  and  are  equal  to  2,  and  the  product  of  the 

entire    scries   of    fractions    is    equal    to    the    value    of  Vj. 

Therefore  we  have — 

b'     64     48        -^ 

2X-J-X— ^x-^=    V, 
b      24     24 

Or,  ^  ^  IXl 

b  32  * 

And  those  Amateurs  who  do  not  object  to  solve  so  simple  an 
algebraic  equation  as  this  will  find  that  method  of  much  assist- 
ance in  completing  a  traiaof  which  certain  wheels  are  specified. 

For,  instance,  in  the  above  expression  the  fraction  y-  denotes 

the  pair  of  wheels  required  to  produce  a  certain  value  of  Vg, 

when  the  wheels  on  the  arbors  C  and  E  are  those  stated  above. 

.-  tr    .         ,  %        b'  3  X  20  60  ,     , 

Suppose  v..  IS  to  be  20,  then  r-   = =   — ;   and    that 

rr  I  »  ^  32  32 

pair  of  wheels  will  give  the  desired  reduction  in  velocity.  Or,  let 

_-  ,        b'       3  X  24        18       54         ,,..,.,/.        , 

Vo  =  24 ;  then  -r-  = 5-  =  -^  =  ^  and  this  will  be  found 

*         ^  *  b         4x8         8        24' 

to  be  the  highest  integral  value  obtainable  for  V2  with  this 
arrangement  of  four  arbors.  Fractional  values  of  Vg  are  not 
readily  produced  in  high  numbers  with  the  wheels  on  E  and 
D,  as  specified,  and  one  other  pair  on  B,  unless  the  denomina- 
tor of  the  required    fractional  value  be  some  multiple  of  3. 

^,        -rxr         80    1/  3         80        60  11. 

Thus,  if  Vo  =  —   -r-  =  -^    X   —   =  — ,  which  are  wheels  at 
^         3»   h  32  3  24 

our  command  :  but,  ifVo—  —   -r=  —  x  —   ;      and      no 

'  ^         2      0         32         2 

single  pair  of  wheels  admissible  by  the  apparatus  will  give 

effect  to  that  expression. 
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But  it  is  easy  to  consider  -r-  as   representing   two  pairs  of 

wheels,  instead  of  one,  the  second  pair  being  placed  on  the 
arbor  D,  which  has  not  yet  been  introduced,  and  thus  to  obtain 
higher  integral  values  of  V^,  as  well  as  such  fractional  values 

as  cannot  be  represented  by  -r-  taken  singly.  For  example, 
the  above  value  of  —  for  V^,.  for  which  one  pair  of  wheels 
would  not  suffice,  is  readily  expressed  by  two  pairs  hi  the 
following  manner: — 

Ji'^  _  A   X   i5  -  45       48 . 
b  d'        32         2         32    ■   32  ' 

and  if,  as  is  probable,  the  45  wheel  proves  to  be  too  small  to 
gear  correctly  with  the  rost,  we  can  break  up  the  fractions 
differently,  as  y  x  ^,  which  would  give  the  wheels  "j  ■  -J^. 
Similarly,  let  V^  —  40,  then  to  fuid  the  corresponding  wheels 
we  have — 

-!^   ^   i-    X    40    =    -^    X     -^-    =   ^      '*'' 
b  d'         32  2  2  32  '  24 

Some  amount  of  dexterity  in  manipulating  simple  vulgar 
fractions  is  of  much  .assistance  in  arranging  these  trains  of 
change  wheels.  For  in  Part  I.,  where  one  wheel  may  have 
four  times  as  many  teeth  as  another  on  the  same  axis,  there 
are  often  many  ways  in  which  suitable  wheels  can  be  selected  ; 
while  in  Part  lI..whcrethcratioof  the  highest  and  Jowest  wheels 
which  can  be  placed  on  the  same  axis  is  2^  to  1,  instead  of  4 
to  I ,  the  choice  is  much  more  restricted.  And  it  is  convenient 
to  bear  in  mind  the  equivalents  of  the  fractions  representing 
•jome  of  the  more  frequent  combinations,  thus  :■ — 

1 1     _    66  8     64  5     _    6°  9     54 

4  "  24'  3  ~  24'  2  ~  34'  4  ~  24' 
•3  ^  S£  X  -=  5^  ££  ==  ^f  X  =^  56 
6  24'        3     '       24'        5  -5'         4  32' 

Suppose  V  -  5fi.  then  ^  =  j-  x  ^6  =  j-  x  ^i 
and  though  i  is  readily  translated  into  i",  wc  caiirmt,  in   I'art 
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High  numbers  of  this  kind  are  frequently  useful  on  Part  1 1., 
and  to  improve  the  more  limited  racilitie:iin  this  respect  w hid i 
Part  II,  possesses  as  compared  with  Part  I.,  it  is  desirable  to 
have  duplicates  of  many  of  the  wheels  ;  and  it  is  also  con 
venient  to  regard  the  64  on  the  permanent  arbor  A  as  a  change 
wheel,  and  to  have  double  key-ways  made  in  the  set  of  change 
wheels  from  48  to  66  (which  will  not  In  the  least  interfere  with 
their  reception  by  the  removable  arbors  with  one  key  only) 
in  order  that  they  may  suit  the  double-keyed  arbor  A.  But 
even  without  this  expedient,  the  two  arbors  B  and  D  generally 
give  scope  enough  :  and  the  following  arrangement,  which  will 
be  found  effective  for  high  numbers  in  Part  II.,  possesses  the 
advantage  of  producing  the  value  which  may  be  desired  for 
V,,  in  terms  of  the  number  of  teeth  of  one  of  the  wheels  of 
the  train  ;  and  that  wheel  one  which  is  easily  removable. 
A.  B.  C.  D.  E. 
64 


54 


34 


60 


24 


The  train  as  here  described  gives  V,j  — 54;  and  any  other 
value  not  less  than  48,  nor  greater  than  60,  can  be  obtained  by- 
exchanging  the  54  on  B  for  a  wheel  of  as  many  teeth  as  there 
may  be  loops  required.  For  a  value  of  V.j  between  60  and  66, 
a  wheel  corresponding  to  the  required  number  would  be  placed 
on  E  instead  of  the  60,  and  the  60  be  transferred  to  B  in  place 
of  the  S4-     Another  scheme  is  this ; — 

A.  B.         C.         D.         E. 

64       24       —      64       24 

—  54       24       —       64 

—  -       48       24       —  ^ 

where,  as  now  given,  the  resulting  value  of  Vj  is  64 ;  and  any 
other  value  may  be  had  by  changing  the  64  on  A  for  a  wheel,  { 
with  double  key  way,  the  number  of  whose  teeth  is  equal  to 
that  other  value  of  Vj.  For  numbers  below  48  these  methods 
do  not  apply:  in  such  cases,  and  for  all  fractional  values,  the 
wheels  to  be  used  on  the   arbors  B  and   D   will  be   readily 
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value  required  is  one,  such  as  55,  for  which  there  is  no  corre- 
sponding wheel,  it  can  be  broken  up  into  factors,  unless  a  prime 

,  -      b'd      3  3x11x5       15       II       60     66 

number :  thus^-p  =  ■   x  55=  ^ -^  =  - -^  x  —  =  —  .    - 

bd      32     •'•'      2  X  4  X  4         8         4        32     24. 

And  sometimes  it  is  even  possible  to  introduce  another  arbor, 

4.8 
generally  with  wheels  — ,  besides  those  specified.        For  ex- 
ample, the  wheels  —  .  ^  on  B  and  D,  with  the  usual  —  on 
^  24     32  24 

E,  and  64  on  A  give  V,  =— :  and  to  find  room  in  the  train 
for  another  arbor  it  will  be  necessary  to  change  the  — ,  [of 

4.8 

which  64  is  on  A,  and  32  on  B  or  D]  for  —  and  to  move  the 

54  from  B  to  A.  Then  we  have  Vj  =  99,  arranged  in  this 
way. 

A.  B.         C        C.        D.         E. 

—  48         24        —        66        24 

—  —        48         24         —        64 
54  24        —        48         24        — 

The  most  obvious  performance  of  the  two-part  Geometric 
Chuck  is  to  describe  a  series  of  numerous  consecutive  loops, 
closely  interlaced,  so  numerous  as  to  be  almost  circular,  along 
the  course  of  any  figure  which  may  be  produced  by  the  single 
geometric  chuck  alone.     The  value  of  V  which  belongs  to 
the  outline  figure  is  represented  by  Part  II.,  i.e.,  by  Vg  ;    and 
Vj  is  made  equal  to  the  number  of  loops  which  it  is  desired  to 
place  in  each  compartmment  of  the  figure.     Speaking  gener- 
ally»  not  accurately,  Part  I.  describes  V^  loops  for,  and  upon, 
every  loop  of  Vg,  also,  Vg  defines   the   general   aspect   or 
characteristic   feature  of  the  compound  curve,  as  square  or 
four-looped  if  V2=4,  six-looped  or  hexagonal  if  V2=6,  &c., 
while  V  determines  the  frequency  of  the  intersecting  loops, 
whether  few  or  many,  inscribed  on  the  course  of  the  simple 
curve  defined  by  Vg.     Figure  215,  for  example,  is  an  amplifi- 
cation of  fig.  30,  which  is  a  simple  eight-looped  figure,  where 
V  w^as  equal  to  8,  Ex.  =45,  and  S.R.=  i5  ;  and  these  values 
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were  transrerrwl  to  the  two-part  chuck  as  follows: — V^  was 
made  equal  to  8,  Ex^— 45,  and  Exj  — 15.  Then,  the  numbL-r 
of  loops,  in  this  case  32,  \vhich  it  was  proposed  that  eacli 
compartment  of  the  figure  should  contain,  was  taken  for  V, ; 
and  the  size  or  radius  of  the  closely- intersecting  loops  was 
determined  by  giving  the  value  of  5  to  S.R. 

Any  other  curve,  right-lined,  cusped,  or  looped,  consecu- 
tive or  circulating,  which  can  be  produced  by  the  simple  Geo- 
metric Chuck,  may  be  decorated  in  this  manner;  transferring 
the  adjustments  V,  Ex.,  and  S.R.,  by  which  that  simple 
curve  would  be  described,  to  V^,  Exj,  and  Ex,,  respectively, 
of  the  two-part  chuck,  leaving  the  dimensions  and  frequency 
of  the  loops  which  will  be  placed  in  the  path  of  tlic  simple 
curve,  to  be  determined  by  V,  and  S.K. 

To  embellish,  for  example,  the  rectilinear  variety  of  the  four- 
looped  figure  (fig.  25)  with  a  considerable  number  of  loops, 
say  40,  in  each  side  of  the  square,  it  will  be  necessary  to  ar- 
range Part  I.  for  40  loops, — whether  "  in  "  or  "  out "  is  not  very 
material, — and  Part  II.  for  4  loops  "out."  Then  to  give  ex- 
pression to  the  ratio  —^  or  1  :  9  in  tliis  instance,  which  must 
subsist  between  the  radii  of  the  two  imaginary  circles*  on 
which  the  foundation  of  the  curve  depends,  the  eccentricities 
of  Parts  I.  and  II.  must  be  in  that  proportion  ;  in  other  words, 
the  eccentricity  of  the  slide  of  Part  11.  must  be  nine  times  the 
eccentricity  of  the  slide  of  Part  I.  As  another  illustration, 
fig.  216  is  founded  upon  fig.  54,  and  its  adjustments  were 
these 


1,"  V, 
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.  S.R.=6,, 


where  it  will  be  observed  that  the  values  ol  V^,  Ex',  and  Exj, 
are  identical  with  those  for  V.,  S.R.,  and  Ex.,  respectively, 
which  were  employed  for  the  simple,  or  foundation,  figure, 
fig.  54,  and  this  is  the  rule  to  be  adopted  in  cfTecting  all  ad- 
justments of  the  two-part  Geometric  Chuck  for  a  like  purpose. 
It  will  be  remarked  that  the  distribution  of  a  large  assem- 


r  Cydopiedin,  ArL   "  TtixJioiilal  a 


I 


Zq. 


ill- 


Clamping  point  of  first  motion  tofiecl. 


^Hm^c  of  loops  in  tile  periphery  of  a  simple  geometric  curve  is 
unequal ;  at  some  points  more  compressed,  at  others  more  ex- 
tended. Thus,  the  intersections  are  more  frequent  at  the 
extremilies  of  the  loops  in  figs.  215  and  216  than  at  the  inter- 
mediate portions  of  the  compound  curve.  For  this  there  is 
no  remedy ;  but  as  the  inequality  occurs  with  regularity,  being 
uniformly  repeated  at  all  similar  points  of  the  curve,  there  is 
the  less  objection  to  its  existence.  In  the  case  of  the  ellipse, 
however,  a  mode  of  correction  was  applied  by  the  late  Mr. 
Ibbetson,  which  consisted  in  placing  a  short  train  of  wheels, 
separately  mounted,  between  the  two  parts  of  the  chuck,  with 
an  eccentric  adjustment  similar  to  that  of  the  ■'  Compensating 
Index."  applied  to  the  mandrel  pulley,  for  the  equal  division 
of  the  ellipse  by  the  drill  or  eccentric  cutter.  The  effect  of 
this  apparatus  is  to  create  another  inequality  of  motion,  equal 
in  amount  and  opposite  in  direction  to  that  which  already 
exists  ;  and,  in  consequence,  the  loops  produced  by  Part  I.  are 
disposed  uniformly  in  the  periphery  of  the  ellipse  described  by 
Part  II.  Such  a  compensatory  method  could  probably  be  e.x- 
tended  to  other  simple  figures  besides  the  ellipse,  but  its  ad- 
vantage is  not  considerable  even  in  that  case,  compared  with 
the  additional  complication  of  the  attendant  mechanism.  This 
intermediate  apparatus  is  sometimes  spoken  of  as  "'  Part  III.," 
but  is  not  on  that  account  to  be  confounded  with  a  third  dis- 

»tinct  chuck,  or  "Part,"  with  its  independent  epicyclic  train, 
Uiich  is  sometimes  superadded  to  the  geometric  chuck, 
t  So  long  as  the  value  of  V ,  greatly  exceeds  that  of  Vj,  the 
point  at  which  the  first  motion  wheel  of  Part  I.  is  clamped  by 
its  detent  makes  no  very  perceptible  difference  in  the  dis- 
position of  the  various  members  of  the  compound  curve,  with 
reference  to  any  straight  line  supposed  to  be  drawn  through 
the  centre  ;  though  even  here  the  points  of  approach  or  inter- 
section will  be  more  exact  and  satisfactory  when  the  precaution 
lout  to  be  mentioned  has  been  respected.  But  when  V,  is 
tot  much  greater  than  V^,  and  still  more  when  the  two  are 
jqual,  or  when  V,  is  less  than  V,,  it  is  very  probable  that  on 
:ecding  to  trace  the  curve,  with  the  first  motion   wheel  of 
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Part  I,  clamped  at  random,  it  will   assume  an  urisymmetric.al 
and  discordant  outline, — such,  for  instance,  as  that  exhibited 
by  fig.  217.     Careful  tentative  alterations  of  the  clamp  of  this    ' 
first  motion  wheel  will  improve  the  aspect  of  the  curve,  until, 
by  the  nicest  adjustment  of  the  end  finger-screws  of  the  detent   | 
plate,  a  point  of  damp  contact  is  found  at  which  the  de- 
scribed  curve   becomes  symmetrical    in    every   sense.     This   ( 
having  been  accomplished,  it  will  then  be  discovered   that  [so    , 
long  as  V,  is  integral]  by  moving  the  first  motion  wheel  half-    , 
way  round  precisely,  another  position   is  attained  in  which 
another   curve   can   be  described,  equally   symmetrical,  but 
differing  (sometimes  slightly,  though  frequently  in  a  striking 
degree,  figs.  508  and   509  for  example)  from  its  companion 
curve  previously  traced.      But  for  all  points  intermediate  to 
these  two,  at  which  the  first  motion  wheel   may  be  clamped, 
the  result  is  a  curve,— sometimes  of  pleasing  contour,  and 
forming  interesting  designs  when  repeated  at  small  intervals,   i 
or  varied  by  slight  changes  of  S.R., — but  which  cannot  strictly 
be  called  symmetrical. 

Figs.  217.  218,  and  219,  where  V[  =8  "out,"  V,  =7  "out." 
exemplify  the  remarks  which  have  now  been  made.  The 
first  figure  shows  the  distorted  result  which  may  usually  be 
expected  if  the  curve  be  traced  without  first  attending  to  the 
relative  position  of  the  t^vo  eccentric  slides,  as  determined  by 
the  adjustment  of  the  first  motion  wheel  of  Part  I. ;  while 
figs.  218  and  2 19  are  the  two  symmetrical  "companion  figures"  ' 
of  the  curve  in  question  for  the  values  of  Ex,,  Exj.  and  S.R,, 
which  happened  to  be  adopted. 

In  changing  the  point  of  this  clamp  contact,  the  first  motion  j 
wheel  is  moved,  to  a  greater  or  less  degree,  upon  its  axis,  and  | 
that  alters  the  angle  at  which  the  two  eccentric  slides  inj 
parallel  planes  are  inclined  to  one  another.  And  it  is  rathecl 
a  tedious  operation  to  find  by  trial  either  of  the  two  points  ofl 
the  first  motion  wheel  of  Part  !.,  whicli  correspond  to  the  two  I 
symmetrical  phases  of  the  curve.  But  fortunately  there  is  3  1 
simple  expedient  by  which  one  of  the  desired  positions  may  j 
be  selected  at  once  ;    and  that  consists  in  making  the  longer 
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edges  of  both  eccentric  slides  Itorisontal  together.  To  ac- 
complish this  it  is  convenient  to  clamp  the  mandrel  pulley  by 
its  tangent  screw,— or  adjusting  index  finger  in  the  absence  of 
the  latter, — at  such  a  point  that  the  edge  of  the  eccentric  slide 
of  Part  I.  is  apparently  horizontal ;  and  then  to  make  it  so 
precisely,  by  the  aid  of  a  spirit  level  temporarily  placed  upon 
the  square  edge  of  one  of  the  two  steel  bars  between  which 
that  slide  traverses.  The  mandrel  pulley  still  remaining 
clamped,  the  first  motion  wheel  of  Part  I.  should  be  released, 
and  (the  first  motion  wheel  of  Part  II.  being  clamped)  the 
eccentric  slide  of  Part  II,  can  also  be  brought  approximately 
into  the  horizontal  position,  and  finally  corrected  under  the 
guidance  of  the  spirit  level,  by  the  end  adjusting  screws  of  the 
first  motion  wheel  of  Part  I.  The  mandrel  pulley  may  now 
be  placed  at  liberty,  and  the  compound  chuck  will  describe 
one  of  the  two  symmetrical  companion  curves  which  would 
result  from  the  other  conditions  of  eccentricity  and  relative 
velocity  previously  determined.  If  the  result  be  not,  at  once, 
quite  satisfactory,  the  reason  will  probably  be  that  the  de- 
scribing point  has  not  been  adjusted  exactly  to  the  height  of 
lathe  centre ;  or  that  the  eccentric  slide  of  Part  II.  has  not 
been  brought  up  to  the  horizontal  position  in  such  a  direction 
that  all  the  wheels  of  both  trains  were  prepared  to  commence 
their  movement  without  "  loss  of  time,"  when  the  chuck  was 
set  in  motion. 

When  this  "  initial  position"  has  been  once  secured,  the  eccen- 
tricity of  the  slide  of  Part  II.,  and  its  train  of  wheels  also,  may 
be  varied  ad  libitum  without  deranging  the  symmetrical  con- 
dition of  any  one  of  the  curves  which  may  thus  be  successively 
produced.  If,  however,  any  alteration  be  made,  whether  for 
value  or  direction,  in  the  train  of  Part  I.,  or  in  the  eccentricity 
of  its  slide,  the  initial  position  will  be  disturbed,  and  must  be 
refound  in  the  manner  described  above,  or  by  trial. 

It  may  be  remarked  here  that  the  two  eccentric  slides  are 
not  horizontal  together  as  often  as  the  same  edges  come  upper- 
most. Their  different  rates  of  rotation  will  evidently  prevent 
this ;   and  it  is,  therefore,  possible  that  they  may  be  in  proper 


relative  adjustment  altiioiigli,  at  the  time  of  inspection,  one 
slide  may  be  horizontal  while  the  other  is  inclined.  The  same 
edges  will  only  coincide  after  a  certain  number  of  rotations  of 
the  chuck,  and  the  coincidence  may  recur  for  the  first  time  on 
completion  of  the  curve,  or  there  may  be  two  or  more  coinci- 
dences at  equal  intervals  before  the  whole  curve  be  traced, 
But  the  safest  way  of  proceeding  is  always  to  make  both  slides 
horizontal  at  starting.  And,  in  recommending  the  use  of  the 
spirit  level,  it  is,  of  course,  presumed  that  the  latlie  bearers 
and  the  bed  of  the  slide  rest  would  stand  the  same  scrutiny. 

But  these  two  symmetrical  positions  are  not  found  invari-  " 
ably  at  opposite  points  of  the  first  motion  wheel.  There  is  an 
exception  to  that  rule  when  the  value  of  V,  is  fractional ;  for 
under  these  circumstances  the  rule  only  applies  when  the 
denominator  of  the  fraction — always  in  its  lowest  terms — is 
an  odd  number.  When  that  denominator  is  ezim,  the  second 
position  of  symmetry  is  obtained  by  moving  the  first  motion 
wheel  a  quarter  round,  instead  of  half-way.  And  in  these 
cases  the  curves  produced  at  the  two  positions,  90"  apart,  on 
the  first  motion  wheel,  are  not  equally  symmetrical ;  but  that 
it  is  right  to  treat  them  both  as  "  companion  figures."  is  proved 
by  the  fact  that  the  point  of  clamp  contact  at  which  the  inferior 
or  quasi -symmetrical  figure  occurs,  is  that  at  which  the  better 
result  appears  when  the  direction  of  V,  has  been  changed  from 
"in"  to  "out."  or  the  reverse.  As  regards  V^,  a  fractional 
value  of  any  kind  makes  no  difference  ;  the  adjustment  for  a 
truly-disposed  curve,  equally  balanced  on  each  side  of  an 
imaginary  axis,  depends  solely  upon  the  first  motion  wheel  of 
Parti. 

The  point  at  which  the  first  motion  wheel  of  Part  II,  may 
be  clamped  has  no  influence  upon  the  character  of  the  curve 
or  its  symmetrical  condition  individually.  The  only  effect  of 
changing  the  position  of  this  first  motion  wheel  with  respect 
to  its  detent  is  to  produce  the  same  curve,  with  the  same 
centre,  but  with  its  recesses  and  projections  placed  behind, 
or  in  advance  of,  the  points  at  which  they  had  previously 
occurred,  jIm£W  j 
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The  symmetrical  condition  of  a  compound  geometric  curve, 
as  regards  itself  individually,  is  one  thing ;  its  symmetrical 
position,  as  regards  its  association  with  different  curves  in  the 
same  design,  is  another.  The  former  condition  is  secured  by 
the  adjustment  of  the  first  motion  wheel  of  Part  I. ;  the  alter- 
ation of  whose  detent  affects  the  position,  inter  se,  of  the 
component  parts  of  the  curve.  And  this  can  be  attained 
with  any  required  degree  of  nicety,  since  the  vernier  and  end 
screws  of  the  detent  plate  give  the  means  of  adjustment  to 
the  tenth  part  of  a  tooth.  The  latter  condition  depends  upon 
the  due  alteration  of  the  first  motion  wheel  of  Fart  II.,  which 
has  the  effect  of  changing  the  angular  position  of  the  curve 
as  a  whole  with  reference  to  any  imaginary  datum  line  through 
the  common  centre.  And  this,  with  the  present  construction 
of  the  chuck,  can  only  be  arrived  at  within  certain  limits, 
there  being  no  provision  for  moving  the  detent  of  the  first 
motion  wheel  of  Part  II,  through  a  less  space  than  one  tooth. 

The  nicest  adjustment  of  the  two  eccentric  slides  for  initial 
position,  by  the  spirit  level,  is  not  always  easy;  and  when  it 
has  once  been  satisfactorily  settled  for  a  given  value  of  V,,  the 
correction  for  any  change  in  Ex , ,  while  V , ,  V  j,  and  Ex .,,  re- 
main the  same,  may  be  sometimes  found  with  less  trouble  by 
calculation  from  the  tabulated  numbers  corresponding  to  the 
correction  required  when  V— i,  for  intervals  of  ten  divisions 
on  the  eccentric  slide,  as  given  on  page  36.  There  is  also  no 
reason  whatever  why  the  same  method  should  not  be  applied 
to  Part  11.,  as  will  appear  subsequently.  For  the  present,  the 
effect  of  an  alteration  of  the  detent  of  the  first  motion  wheel 
of  Part  II.  need  not  be  considered,  since  it  is  only  needed  for 
the  correct  association  of  differing  curves  ;  and  before  noticing 
the  peculiarities  of  cur\'es  in  combination,  it  will  be  well  to 
ascertain,  as  fully  as  possible,  the  share  which  belongs  to  each 
adjustment  of  the  chuck  in  any  one  compound  curve. 

After  some  experiments  with  figures  of  the  more  usual  stamp, 
such  as  figs.  215  and  216,  it  will  be  recollected  that  the  loops 
of  Part  1.  need  not  be  so  much  more  numerous  than  those  of 
Part   II. ;  that  they  might  be  identical  in   number,  or  that 
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those  of  Part  II.  might  even  exceed  those  of  Part  I.  ;  and 
that,  in  fact,  V,  and  V^  may  each  be  of  any  magnitude  what- 
ever for  which  trains  of  wheels  can  be  arranged  ;  also,  that 
these  values  may  be  either  integral  or  fractional ;  and.  again, 
that  thedirections  of  motion  in  each  Part  maybe  either  "out" 
or  '■  in."  Then,  too,  the  eccentricities  of  Parts  I.  and  II.,  and 
of  the  slide  rest,  may  each  be  of  any  convenient  value. 
Practically  that  of  S,R.  proves  to  be  limited  for  useful  effect 
to  amounts  ranging  from  o  to  about  25  hundredths  of  an  inch; 
and  for  figures  of  moderate  size,  a  maximum  value  of  about 
60  appears  to  be  sufficient  for  both  Exj  and  Ex  3. 

With  so  many  variable  elements  in  combination  it  is  almost 
necessary,  in  order  to  discover  their  several  and  united  effects, 
to  select  a  series  of  values  which  shall  be  assigned  in  turn  to 
V I  and  V,,  and  to  trace  curves  for  each,  both  for  the  "  in  "  and 
"out"  condition,  with  alternating  values  for  Ex,  and  Exj.  and 
with  such  values  for  S,R.  as  may  prove  in  each  case  to  show 
the  nature  of  the  curve  most  successfully.  With  this  view 
the  following  investigation  was  undertaken,  and  the  figures — 
drawn  with  lithographic  ink  as  described  on  a  former  page — 
have  been  preserved  for  the  future  reference  of  those  who 
may  be  interested  in  the  subject  of  Trochoidal  Curves.  By 
far  the  greater  number  of  the  figures  are  too  lacking  in  dis- 
tinctness and  individuality  to  be  worth  recording,  were  it 
not  that  the'r  retention  may  be  useful  to  point  out  those  com- 
binations which  are  the  least  promising,  and  to  show  the 
amateur  that  he  need  not  waste  time  in  experiments  in  that 
direction.  The  diagrams  are  not  offered  as  "  patterns  for  turn- 
ing," though  some  few  of  them  may  be  eligible  in  that  capa- 
city, and  nearly  ail  the  simpler  figures  could  be  used  as  founda- 
tion figures  for  a  three-part  Geometric  Chuck,  and  equally  so 
for  deep  cutting  on  a  plane  surface  with  an  ornamental  drill. 

The  series  adopted  was  the  following: — comprising  all 
numbersof  loops  from  i  to  10  inclusive,  some  of  them  being 
fractional  values. 

5  7     «  rc) 

I.    -;.   i.   4.    - .   6,    -.    -.  g,    — 
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The  selection  is  purely  arbitrary,  and  a  different  series,  especi- 
ally with  different  denominators  for  the  fractional  numbers, 
would  have  afforded  other  information.  Since,  however,  the 
more  striking  effects  are  obtained  by  the  employment  of  low 
values  for  either  V,  singly,  or  for  both  V,  and  V,  together, 
the  greater  part  of  this  series  must,  in  any  case,  have  been  in- 
cluded ;  and  the  resulting  diagrams  will,  at  any  rate,  serve  to 
clear  the  ground  for  further  observation.  As  regards  the 
integral  values  i  to  4,  6,  and  9,  it  will  not  be  difficult  to  infer, 
from  the  examples  given,  what  difference  may  be  expected  from 
the  substitution  of  other  similar  whole  numbers  5,  7,  8,  10,  1 1, 
12,  &c.  But,  as  regards  the  fractional  values,  though  they  all 
follow  to  some  extent  the  course  which  would  result  from  the 
employment  of  their  nearest  integer  instead  of  the  given 
fraction,  a  slight  change  in  the  numerical  value  makes  fre- 
quently a  great  alteration  in  the  compound  curve  produced  ; 
and  therefore,  though  some  hints  may  be  gleaned  from  the 
series  about  to  be  developed,  actual  experiment  will  be  desir- 
able in  almost  every  pair  of  fractional  values  that  may  be 
suggested.    - 

Beginning  with  V,  =  1  "out,"  it  was  found  that,  when  Vj 
had  the  same  value,  the  result  was  a  circle  only,  whose  radius 
=  Exj  +  S.R.,  and  whose  centre  is  at  a  distance  =  Ex,  from 
the  axis  of  the  mandrel. 

Continuing  V,  =  1  out,  itappeared  that,  with  V^  — 1  in. the 
cardioid  was  produced  in  variety  ;  with  V^  =  2  out,  ellipses 
were  described,  whose  centres  were  always  in  the  axis  of  the 
mandrel ;  with  W ^  —  2  in,  the  two-looped  figure  occurred  ; 
and  similarly  it  was  found  that,  whatever  maybe  the  value  of 
Vj  while  Vi  —  I  out,  the  resulting  curve  does  not  differ  from 
that  which  would  be  described  by  the  simple  Geometric  Chuck. 
It  is  therefore  evident  that  the  condition  V,  —  i  out  may  be 
omitted  from  the  series. 

Again,  when  Vj  =  i  out,  it  proved  that,  with  V,  —  1  in, 
ellipses  were  obtained,  whose  semi-axes  were  Exj  +S.R.  re- 
spectively, and  centres  —  Ex ,  from  the  axis  of  the  mandrel ; 
— with  V,  =  I  out  the  result  has  just  been  stated. 
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Continuing  V„  — I  "out," — it  appeared  that,  with  V,i=2"in." 
a  simple  curve  with  three  external  loops  was  produced  ;  and 
with  V|  =  2  out,  the  cardioid  or  one-looped  figure.  Simi- 
larly, with  V,  —  3  in,  the  curve  had  four  loops  "out";  and. 
with  V,  =  3  out,  the  curve  had  two  loops  "in,"  Fractional 
values  for  V,  followed  the  same  law,  viz., — that,  when  V^ 
—  I  out,  the  result  is  a  simple  curve  with  V,  -t-  i  external 
loops  when  Vi  is  "in,"  and  with  V-,  -  i  internal  loops,  when 
Viis"out."  Consequently,  the  value  of  i  "out"  is  of  no 
more  effect  in  obtaining  a  compound  geometric  cur\'e  when 
assigned  to  V J  than  it  was  when  given  toV,.  Hence,  this 
value  may  be  omitted  altogether,  and  the  illustrations  of  the 
series  will  commence  with  i  "  in,"  which  tiai-s  produce  a  com- 
pound effect  whether  ascribed  to  V,  or  to  V^,. 

As  a  matter  of  convenience  it  was  found  preferable  to  keep 
V|  constant,  while  V^was  changed  for  the  successive  numbers 
of  the  adopted  scries, — instead  of  keeping  V,  constant  and 
changing  V, — because  the  correction  at  the  first  motion  wheel 
for  the  specified  alterations  of  Ex,  will  continue  the  same  as 
long  as  V|  remains  undisturbed.  The  diagrams  are  not  fully 
extended,  but  are  still  very  numerous  ;  and,  to  abbreviate  the 
collection,  the  later  portions  of  the  series  have  been  illustrated 
more  sparingly,  one  of  the  two  companion  figures  which  are 
afllbrded  by  each  set  of  adjustments  being  generally  omitted, 
although  to  show  the  efl^cct  of  each,  the  successive  diagrams, 
where  one  only  of  each  kind  is  given,  are  taken  at  alternate 
positions  of  the  chuck.  Extreme  nicety  of  correction  for 
symmetry  was  not  attempted  ;  no  fractional  part  of  a  tooth 
being  used  in  the  adjustment  of  the  first  motion  wheel  of 
Part  I.,  but  the  values  of  Ex,,  Ex,  and  S.R.,  were  carefully 
transferred  to  their  respective  slides. 

The  range  of  experiments  would  be  incomplete  without 
givingto  botii  Ex,  and  Ex^,  in  turn,  a  zero  value.    When  this 
is  done,  the  resulting  curve  is  always  one  which  could  be  pro- 
duced  by    the    simple    Geometric    Chuck    only,    but    with    | 
different  adjustments  to  those  of  either  Part  I.  or  Part  II.  in    ^ 
the  case  supposed. 


Effut  of  zero  values  for  V^  or  V^. 
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And  for  the  earlier  portions  of  the  following  series  of  ex- 
amples, the  kind  of  curve  obtained,  when  Ex.  of  one  part  is  o, 
and  of  the  other  60,  is  tabulated,  though  not  illustrated,  with 
the  rest.  Many  of  the  results  are  curious,  and  at  first  sight 
hardly  reconcileable.     For  instance — 


Vx    j 

V,  1  Exx  ' 

1 

Exfl  i 

Simple  cun-e  produced 

• 

3 
in 

4       60 
out 

1 
0 

4  consecutive  loops,  "  in." 

4 
out 

10 
out 

0 

60 

10            „            „      "  out." 

» 

99 

60 

0 

40  circulating        „           „ 

(v-v>)» 

5 

6 

0 

60 

9  consecutive       „      "  in." 

ouc 

out 

5 

•St 

in 

i 

out 

60 

0 

7  circulating         „      "  in " 

(v-l) 

But  when  the  observations  had  been  sufficiently  extended,  and 
especially  when  those  depending  on  fractional  values  forVj 
and  Vj  had  been  considered,  it  became  obvious  that  they  fol- 
lowed a  definite  law  in  each  of  the  eight  possible  cases  which 
occur,  according   as  the  zero  value   is    assigned  to  Exj   or 
to  Ex  2  ;  and  according  as  either  or  both  of  the  two  trains  of 
wheels  (whose  effect  is  denoted  by  Vj  and  Vg   respectively) 
have  their  ultimate  directions  of  motion  identical  or  opposed, 
and  inwards  or  outwards.      And  it  is  believed  that  the  fol- 
lowing expressions  accurately  indicate,  for  all  values  of  Vj 
and  Vo  whatever,  the  nature  of  those  curves  which,  though 
producible  by  one  part  only,  arise  from  this  special  condition  in 
the  adjustments  of  the  two  parts  in  combination. 


•  Note.  — It  was  explained  on  pages  19  and  29  that  when  a  simple  curve  is  defined 
by  representing  V  as  equivalent  to  a  specified  fraction,  the  numerator  of  that  fraction 
denotes  the  number  of  loops  in  the  curve,  and  the  denominator  the  number  of 
rotations  of  the  surface  on  which  the  carve  is  being  traced  required  to  complete 
the  curve. 
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Formulae  for  expressing  the  number  of  loops  in  the  curve 
produced  when  either  Ex,  or  Ex,  =  o  : — 


Ex.  1  Ex, 

V. 

V, 

Number  and  directk 

n  or  loop. 

any 

out 

out 
out 

(V,-i)V,  loops  "in." 

„               „       '*  out." 
{V,  +i)  V,    „       "out." 

„y 

none 

- 

out 

V,  X  V,                    __        „ 

v7-  t 

" 

out 

" 

V,  X  V. 

These  formulae  were  obtained  inductively  by  comparison  of 
the  observations,  and  by  assuming  such  theories  for  each  of 
the  eight  cases  as  seemed  probable,  until  one  was  found  that 
proved  to  answer  for  all  successive  and  for  all  other  values  of 
V,  and  Vj  of  which  experiment  was  made.  The  formula; 
have  been  frecJy  tested,  and  seem  to  hold  good  for  all  cases. 
But  at  the  best  the  matter  is  one  of  curiosity  only,  since  it 
would  be  needless  to  use  the  compound  chuck  in  order  to 
describe  a  simple  curve. 
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CHAPTER  III. 


Detailed  Adjustments  relating  to  the  lithograplied  figures  of  the 

Series, 


The  numerical  values  assigned  successively  and  in  turn  to  V, 
and  Vg  are  stated  at  the  foot  of  page  54,  and  the  Table  which 
appears  in  two  halves  over  the  next  leaf  exhibits  at  a  glance 
the  distinctive  numbers  which  are  attached  to  the  figures, — 
every  figure  consisting  of  a  single  continuous  curve, — which 
illustrate  each  combination.  The  values  taken  for  Vj  are  to 
be  found  in  the  vertical  column  on  the  left  hand ;  those  be- 
longing to  V2  being  in  the  top  horizontal  line  ;  and  the 
numbers  which  occur  at  the  points  of  intersection  are  those  by 
which  the  corresponding  diagrams  are  distinguished.  For 
instance,  to  observe  the  characteristic  effects  produced  when 
V^  =:  2  out  and  Vg  -=  9  in,  the  figs.  518  to  528  inclusive  may 
be  consulted ;  and  when  those  values  are  exchanged  for  V^  « 
9  in  and  Vg  =»  2  out,  the  figures  numbered  2240  to  2249  will 
show  the  various  phases  of  which  that  curve  is  susceptible. 
In  the  pages  which  follow  this  table  a  complete  reference  is 
given  for  the  adjustments  of  each  individual  figure. 

The  **  companion  figures  "  are  bracketed,  that  is  to  say,  the 
numbers  thus  connected  refer  to  two  figures  produced  with  the 
same  values  for  Vj,  Vg,  Exj,  and  Exg,  but  with  a  change  at 
the  first  motion  wheel  of  Part  I.,  from  one  symmetrical  position 
to  the  other ;  and,  sometimes,  with  different  values  for  S.R. 

Though  the  investigation  may  be  thought  needlessly  minute, 
it  is  by  no  means  exhaustive ;  and  an  extension  of  the  amounts 
of  eccentricity,  especially  Exg,  to  at  least  100,  would  fre- 
quently give  striking  results  of  intermediate  character  to  those 
in  the  present  series. 

It  may  be  here  repeated  that  all  measurements  arc  ex- 
pressed in  hundredths  of  an  inch. 
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CHAPTER  IV. 


Discussion  of  tlie  Results  afforded  by  this   investigation. 


The  information  to  be  gleaned  from  this  somewhat  tedious 
series  will  be  more  apparent  when  the  figures  are  examined 
for  some  special  purpose  than  by  a  mere  cursory  inspection. 

The  conditions,  for  instance,  which  determine  the  inward  or 
outward  direction  of  the  several  smaller  loops  can  be  ascer- 
tained at  once  ;  shewing,  after  the  numerical  values  of  Vj  and 
Vg  have  been  determined  upon,  the  directions  which  they  should 
receive  respectively  in  order  to  suit  any  intended  purpose. 

Perhaps  the  most  striking  result,  exemplified  by  many  of 
the  diagrams,  is  the  effect  produced  by  employing  fractional 
values  for  the  trains  on  one  or  both  Parts :  and  especially 
when  the  numerator*  of  Vg  is  a  multiple  of  the  denominator 
ofVj.  Under  such  circumstances  the  curve  takes  a  shorter 
course,  and  often  an  extraordinary  one  (fig.  3103,  for  example), 
compared  with  that  which  would  occur  if  no  such  relationship 
existed.     The  property  of  a  fractional  value  for  V  is  that  the 


•  An  integral  value  can  be  considered  as  a   fractional  value  with    i    for  iti 
denominator. 
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describing  point  has  to  travel  as  many  times  round  the  surface 
as  are  equal  to  the  denominator  of  the  fraction.  And,  pro- 
vided the  denominator  of  a  fractional  value  for  Vj  has  no 
common  factor  with  the  numerator  of  V2,  this  rule  continues. 
A  curve  of  this  kind, — such  as  that  given  with  Vj  =  y^,  V,  =4, 
—  is  composed  of  dissimilar  and  generally  unsymmetrical 
segments,  which,  by  their  subsequent  overlapping,  form  a 
compound  figure  with  as  many  equal  and  harmonious  com- 
partments  as  correspond    to    the    value   of    Vjj.      (See  fig. 

3239-) 

But  when  V^  is  a  multiple  of  the  denominator  of  V,,  the 

circulating  property  of  the  fractional  value  of  Vj  becomes 
cancelled,  and  the  curve  is  completed  when  the  describing 
point  has  passed  once  round  the  surface.  The  individual  seg- 
ments are  dissimilar  as  before,  though  symmetrically  disposed 
with  reference  to  each  other  and  to  an  imaginary  datum  line 
through  the  centre  :  and  the  segments,  (which  are  of  simple 
outline  character,  as  there  is  no  opportunity  for  their  over- 
lapping,) are  Vo  in  number.  An  examination  of  figs.  3214- 
3223,  3242,  &c.,  and  3262,  &c.,  will  make  this  clearer  than  any 
verbal  explanation.  The  values  for  V^  and  V,^  to  which  these 
figures  refer  are  comparatively  low.  But  however  great  they 
may  be  taken,  the  principle  remains  the  same.  If  a  curve 
were  described  with  V^  -  y,y^  V.^ -99,  its  course  would  be 
almost  interminable;  but  if  Vg  were  changed  from  99  to  100, 
or  to  any  other  multiple  of  50  (supposing  the  apparatus  to 
permit  such  extreme  values),  the  curve  would  be  completed 
when  the  point  had  passed  once  wholly  round  the  surface. 

When  the  numerator  of  V^  and  the  denominator  of  V, 
possess  some  common  factor  only,  the  course  of  the  curve  is 
affected  to  that  extent,  without  being  so  completely  reduced 
as  when  the  former  is  a  multiple  of  the  latter,  Vj  -  ^-^,  Vg  =  15, 
would  yield  a  curve  of  this  character  :  and  all  such  combina- 
tions, whether  Vo  be  integral  or  fractional,  would  be  sure  to 
give  interesting  and  often  unexpected  results. 

There  are  several  in.stances,  such  as  figs.  807  and  813, 
where  the  cu.sped  or  nodated  j)hases  of  the  curve  are  invisible, 


Duplicate  curves  of  different  origiu.  1 2 1 

and  require  an  increase  of  eccentricity,  sometimes  at  one  of 
the  Chuck  slides,  but  generally  at  S.R.,  to  produce  them. 

Another  singular  feature  of  the  series  is  that  there  are  some 
curves,  which  though  described  by  perfectly  different  methods, 
are  nevertheless  identical  in  form  and  character.  Examples  of 
curves  possessing  this  alternative  origin  may  be  noticed  among 
those  described  with  Part  II.  arranged  for  the  ellipse,  i.e.,  with 
Vj,  —  2''  out."     Thus,  the  following  results  are  equal : — 


I'ig.       V 1       V .    Kx  1  Ex  o  S.  R.  V ,        V .     Kx ,   Kx .  S.  R.  Fig. 
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although  the  corresponding  figures  differ  somewhat  in  the  size 
of  loops,  because  the  values  employed  for  S.K.  were  not  in  all 
cases  10,  as  stated  above. 

The  lithographed  figures  do  not  contain  further  instances 
of  identity,  the  scries  of  values  for  V,  and  V.^  not  having  been 
selected  as  consecutive  integers  beyond  this  point,  liut  any 
number  of  experiments  will  confirm  the  fact  that,  while  V.^ 
remains  equal  to  2  "out,"  the  same  correspondence  occurs, 
whatever  be  the  two  values  successively  adopted  for  V,  :  i>ro- 
vided  that  the  value  of  Vj  when  "out,"  is  greater  by  ufiity 
than  the  value  of  Vj  when  "  in."  fVom  which  it  apjKar.  that 
the  same  curve  is  produced,  retaining  \ ,  ~  2  out,  and  V.*:i:\}\\vj 
S.R.  undisturbed,  by  altering  the  direction  of  V,  from  "in" 
to  "out,"  adding  i  to  its  numerical  value,  and  Iransj^o  j'nr;  ihr 
eccentricities  of  Part  I.  and  Part  II. 
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For  instance,  whether  we  have 


9  in 
10  out 


75 


S.R. 


the  same  curve  is  produced,  viz.,  one  of  30  loops,  turned  out- 
wards, and  arranged,  in  each  case,  in  the  periphery  of  an 
ellipse  of  the  same  dimensions. 

But  if  an  attempt  be  made  to  extend  this  relationship  to 
other  values  of  Vj,  besides  that  of  2  out, — .such  as  expecting 
a  coincidence  to  occur  between 
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it  will  not  be  found  to  succeed  :  and  a  comparison  of  figs. 
1 104  and  1397,  though  it  happens  that  the  number  of  loops 
is  the  same  in  both,  will  show  that  they  arc  sufficiently  distinct. 
The  reason,  however,  of  the  identity  in  the  values  of  Vg  in 
the  cases  first  mentioned  is  not  far  to  seek.  When  treating 
of  Part  I.  singly  we  saw  that  there  were,  in  all  instances,  two 
ways   of  describing   the    same    curve,  depending   upon   the 

substitution  of  —    for  n  in  the  second  value  of  V.     Thus,  a 

simple  7-loopcd  figure  could  be  described  by  cither  of  the  two 
following  methods : — 


2  "out,"  n,  which  is 

is  therefore  also  —  t.     And  the  second 
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identical  with  its  former  value.  Consequently,  though  Vj  = 
2  "out "  in  all  the  above  pairs  of  values,  its  second  value  in 
every  pair,  though  numerically  identical  with  the  first,  is  really 

derived  from  an  exchange  of       for  n,  as  just  explained.     It 

is  therefore  probable  that  a  similar  treatment  of  any  other  value 
of  V2  will  afford  a  second  value  which,  in  combination  with  a 
second  value  assumed  for  Vj,  changed  in  direction  and  increased 
by  unity,  should,  by  the  same  transposition  of  eccentricities  as 
before,  yield  the  same  result  as  may  have  been  previously 
obtained.  The  second  value  of  V.2,  for  example,  in  the  pair 
last  suggested  should  probably  be  corrected  in  this  manner: 
The  first  value  of  V^  is  3  "out,"  therefore  n  =  V  -  I  =  2,  and 

—  =:    - :  and  the  second  value  of  V„  =  —  +  r  ==   ^  +  i  =  ^  . 
n        2  '  ^       n  2  2 

This  would  indicate  that  the  same  cur\'e  should  be  given  by 

either  of  the  two  following  sets  of  adjustments  : — 
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and  on  examination  this  proves  to  be  the  fact,  fig.  1 104  being 
produced  in  either  case. 

Similarly,  the  following  adjustments  equally  produce  fig. 
1 862  :— 

V^  V.^  Ex^     Exo     S.R. 

6  in         3  out         20         40         5  I   ,^ 

7  out       \  out         40         20         5  J       ' 

But,  since  both  Vj  and  V.^  may  be  either  "in  "  or  "  out," 
there  are  four  ways  in  which  these  quantities  may  be 
combined  : — 

1.  Vi  may  be  "in."  and  V.  "out." 

2.  V,         „       "out."  „    v.,  "out." 

3.  V,         .,       "in,"     „    v.,  "in." 

4.  Vj         ..       "out,"  .,    V,  ''in." 
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And  (i).is  the  combination  forwhich  an  alternative  method 
has  been  established,  as  indicated  by  the  instances  classified 
on  page  121,  and  by  the  pairs  marked  (a)  and  (d)  above. 
For  (2),  the  original  adjustments  may  be  represented  by — 
V,  Va       Ex,    Exj    S.R. 

Fig.  1672     ...6  out       3  out       20       40       1  !(<;). 
and  the  second  value  for  Vj  is  ^  "out  "  as  before;  while  the 
second  value   for  V,    is  by  analogy  clearly  5   "  in."   There- 
fore— 

V,  Va         Ex,       Exj      S.R. 

5  in         f  out         40         20         II 

is  the  set  of  adjustments  required  to  make  a  pair  with  those 
last  stated. 

For  (3).  keeping  the  same  numerical  values  for  V,  and  V,, 
but  varying  their  direction,  wc  may  take — 

V,  V,      Ex,    Exj      S.R. 

Fig.  1870     ...  6  in       3  in        10       50     6 (a'); 

and  the  second  value  for  V,  will  be  7  "out"  as  previously. 
To  find  the  second  value  for  V.,  ive  have  n  —  V^  +  i  =4,  and 

the  second  value  of  V'„=  ---i  =  i-i^  —  |,    Tlierefore  the 

numerical  value  of  V^  is  ?„  and  ihe  minus  sign  indicates  that 
the  direction  is  to  bo  changed  from  "in"  to  "out,"  or  the 
other  element  of  the  pair  is — 

V,  V,,         Ex,       Ex.,    S.R. 

7  out         4  out         50         10        6. 
Lastly,  taking  for  an  example  of  the  directions  of  motion 
stated  in  (4),  the  curve  shewn  at  fig.  16S2,  whose  adjustments 
are-- 

V,  Vj        Ex,       Ex,     S.R. 

6  out         3  in         20        40         8 (c), 

we  find  that  the  corresponding  changes  follow  those  already 
found  for  these  original  values  of  V,  and  V^.  viz.,  the  second 
value  of  V,  becomes  5  "  in,"  and  for  the  second  value  of  Vj 
3  "in"   is  transformed  "reciprocally"  as  in  {3),  into  J  "out." 
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The  alternative  adjustments  for  this  figure  are  therefore — 

Vj  Vg        Exj      Exj    S.R. 

5  in         f  out         40         20         8. 

And  without  venturing  upon  any  proof  in  justification  of 
these  equivalent  expressions,  it  may  be  confidently  stated  that 
a  similar  treatment  of  all  other  values  of  Vj  and  Vg  will  be 
uniformly  successful;  and  that  every  compound  curve  produced 
by  the  two-part  Geometric  Chuck  can  be  described  in  two 
different  ways. 

But  the  single  Geometric  Chuck  possesses  the  same  facilit}' ; 
every  simple  curve,  as  the  reader  was  recently  reminded, 
being  capable  of  description  by  two  methods,  one  "  direct," 
the  other  "  reciprocal."  It  is,  therefore,  to  be  expected  that  the 
two-part  Geometric  Chuck,  with  its  two  eccentric  slides  and 
two  trains  of  wheels,  should  possess  twice  the  variety  of  the 
simple  Chuck,  or  four  methods,  in  all,  of  producing  the  same 
curve. 

And     since    the  pairs    of     adjustments     quoted     above 

depend  on  the  substitution  of  —  for  n   in  the  value  of  Vg,  it 

is  reasonable  to  anticipate  that  the  third  and  fourth  values  of 
Vj  (which  remain  to  be  ascertained)  should   be  derived  in  a 

similar  manner  by  the  substitution  of  —  for  n   in  its  first  and 

^  n 

second  values,  viz.,  where  the  direction  of  motion  differs 
and  the  numerical  value  for  Vj  "in  "  is  i  less  than  for  Vj 
**  out."  It  is  further  probable  that  the  third  and  fourth  values 
of  Vg  (which  have  also  to  be  found)  will  have  some  such 
relation  to  each  other  as  that  which  distinguishes  the  first  and 
second  values  of  Vj . 

The  most  likely  curve  to  afford  a  clue  to  the  third  and 
fourth  values  of  V^  and  Vg  is  the  ellipse,  which  first  pointed 
out  the  coincidence  of  results  for  their  first  and  second  values, 
and  the  law  upon  which  they  depend.  Reverting  to  the  adjust- 
ment for  20  loops  outwards  in  the  periphery  of  an  ellipse, 

(«)   page   123,  we   see  that  substituting  -  for  n,  in  the  first 

value  for  V^  of  9  "in,"  the  third  value  for  Vj  would  become 
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-^"  out".     Thus,  n  =  V+  i  =  lo.and  V,  =^-  i.^tIo— i, 
=  —  B    or  ^  "out,"  the  direction  of  motion  being  changed. 
In  the  same  manner,  the  fourth  value  for  V,  would  be  de- 
rived from  its  second  value  of  lo  "out"',  and  would  become 

y  "  out".     Thus,  n  —  V  -  1  =  9,  and  V,  =  -  +  i  =  |  +   i 

=  'y" ;  the  direction  of  motion  rcmaininj^  the  same,  viz.,  "  out". 

But  these  presumed  values  for  V ,  could  not  be  tested  alone. 
and  for  the  rest  of  the  problem,  the  third  and  fourth  values 
ofVa,  there  was  nothing  to  indicate  a  solution;  and  many 
fruitless  experiments  were  made  until  the  influence  upon  V, 
of  fractional  values  for  V,  was  observed.  This  effect,  which 
will  be  more  fully  noticed  subsequently,  is  to  divide  Vj,  when 
division  is  possible  without  a  remainder,  by  the  denominator 
of  Vi-  From  this  property,  (which  is  here  recorded  only,  with- 
out attempt  at  explanation,)  it  was  inferred,  and  to  all  appear- 
ance with  correctness,  that  the  third  and  fourth  values  of  Vj 
should  be  such  as,  when  divided  by  denominators  of  the  third 
and  fourth  values  respectively  of  V,,  would  each  leave  a  quotient 
representing  the  general  contour  of  the  original  figure,  i^., 
2,  for  the  ellipse.  J 

Hence  for  tlie  20-looped  curve  last  mentioned,  for  which   I 
two  methods  of  description  have  been  already  found,  if  we  I 
suppose  the  ///jVrf  value  of  V,  to  be  -j^  out,  and  the  fourth  I 
value  of  V,  to  be  '/  out,  as  above  conjectured,  the  correspond-    ' 
ing  values  of  V,  would  probably  be  lo  x  2  =  20  for  the  third, 
and  9  X  2  =  18  for  the  fourth.     The  directions  of  motion  for 
these  last  values  of  V,  might  be  either  "  in  "  or  "  out,"  and  the 
distribution  of  the  three  quantities  10,  25  and  75,  among  the 
several   eccentricities   denoted  by  Ex,,  Expand    S.R.,   also 
remained  to  be  ascertained  by  experiment. 

But  this  was  readily  accomplished,  and  in  this  particular 
case  the  scheme  of  values  now  adopted  proved  to  answer 
perfectly,  and  the  four  following  sets  of  adjustments,  the  first 
two  of  which  are  those  marked  (a)  on  page  1 22,  were  found 
each  to  produce  the  curve  in  question,  20  loops  outwards 
in  the  periphery  of  an  ellipse. 
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2  out 
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25 
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75 

-  (iv) 
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In  applying  this  theory  of  constructing  four  equivalent  sets 
of  adjustments  for  any  compound  curve,  to  other  values  of  Vj 
and  Vg,  it  is  to  be  borne  in  mind  that  the  value  2  of  Vg  in 
the  set  marked  (ii)  has  not  the  same  origin  as  the  same  figure  2 
in  the  set  marked  (i) :  the  distinction  between  the  two  has 
been  already  drawn. 

To  complete  the  series (^) on  page  123  we  have,  for  the  third 
value  of  Vj,y  "  out",  obtained  reciprocally  from  the  first  value  ; 
and,  for  the ////revalue  of  Vg.  7  "out"  x  3,  or  21  "out".  And 
the  order  of  eccentricities,  following  the  example  in  A,  stands 
5,  40, 20.  Similarly,  for  the  fourth  value  of  Vj  we  should  have 
\  "out ",  obtained  reciprocally  from  the  second  value  ;  and,  for 
the  fourth  value  of  Vg,  6  "  in"  x  f  (|-  being  the  second  value 
of  Vg)  or  9  "  in".  And  the  eccentricities,  following  the  corre- 
sponding example  in  A,  take  the  order  5,  20,  40. 

In  the  next  series,  of  which  the  first  term  is  marked  (r)  on 
page  124,  Vg  retains  the  same  direction  as  in  the  last ;  but  V, 
is  changed,  Vj  and  Vg  being  now  both  "out",  and  the  second 
value  of  Vj  being  i  less  than  that  of  the  first,  instead  of  i 
more  as  in  (p).  The  third  value  of  V^  is,  nevertheless,  as  before, 
a  fraction  with  the  first  value  of  Vj  for  numerator,  and  the 
second  value  for  denominator,  i.e.,  f  ;  and  the  fourth  value  of 
Vj,  also  as  before,  consists  of  its  third  value  inverted,  or  §. 
The  third  value  of  Vg  becomes  5  "  in  "  x  3,  or  1 5  "  in  " ; 
and  the  fourth  value  of  Vg  is  6  "  out  "  x  f ,  or  9  "  out".  The 
eccentricities  are  transposed,  as  in  the  completed  series  (p). 

For  the  series  of  which  the  first  term  is  (d)^  page  124,  the 
third  and  fourth  values  of  Vj  will  be  identical  with  the  same 
values  of  Vj  in  the  scries  (p)  ;  so  will  the  third  value  of  Vg, 
but  with  a  change  of  direction,  for  since  the  first  value  of  Vg 
is  3  "in",  the  third  value  becomes  21  "in".     Then  for  the 
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fourth  value  of  V^,  the  denominator  of  the  fourth  value  of  V, 
with  its  original  direction,  "  in",  as  expressed  in  the  first  value 
ofV,  multiplied  by  the  second  numerical  value  of  V,,  t>., 
6  "  in  "  X  \,  gives  -I  "  in." 

For  the  remaining  combination  of  Vj  "out"  V,  "in", 
series  (c),  page  124,  the  tliird  and  fourth  vaXnGsoiV  ^  will  be  the 
same  as  those  in  the  series  {c).  The  third  value  of  Vj  will  be 
3  "  in  "  X  5  "  in",  and  it  proves  necessary  on  trial  that  this  pro- 
duct should  be  1  s  "  out",  not  1 5  "  in".  The  fourth  value  of 
Vj  is  6  "  out "   X  ^  =  ■§.  "  out." 

The  four  completed  series  assume  the  following  form  ;  each 
of  the  four  sets  of  adjustments,  bracketed  to  the  same  letter 
of  reference  and  fig.,  yields  the  same  curve  precisely.  But 
they  are  by  110  means  equally  eligible  practically,  those  cases 
where  V  is  less  than  i  being  always  unfavourable  to  the 
mechanism  of  the  chuck,  and  only  admissible  exceptionally  by 
way  of  experiment. 
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V,       V. 
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There  is  a  little  uncertainty  in  this  investigation  as  to  the 
directions  to  be  assigned  to  the  third  and  fourth  values  of  V„ 


Four  methods  of  describing  every  tivo-Part  airve.       1 29 


but  the  rule  appears  to  be  that  when  like  directions  are  mul- 
tiplied, the  product  is  to  be  considered  "  out,"  and  when  the 
directions  are  unlike,  their  product  is  to  be  considered  "  in." 
Thus :  7  out  X  3  out  =  2 1  out ;  6  in  x  f  out  :;=  9  in  ;  7  out 
X  3  in  =  21  in ;  and  5  in  x  3  in  =  15  out.  And  further,  it 
seems  that  in  each  column  of  values,  for  both  Vj  and  Vg, 
there  are  three  which  are  "  out  "  and  only  one  that  is  "  in,"  or 
vice  versd,  A  connection  between  the  last  two  values  and 
the  first  two  can  also  be  expressed  thus  : — the  3rd  value  of 
Vj  is  the  1st  divided  by  the  2nd  ;  and  the  4th  value  of  V^  is 
the  3rd  value  inverted  :  the  3rd  value  of  Vg  is  the  1st  of  Vg 
multiplied  by  the  2nd  of  Vj  ;  and  the  4th  value  of  Vg  is  the 
2nd  of  Vj  multiplied  by  the  ist  of  V^. 

The  following  table  of  general  algebraical  expressions  will 
indicate  by  inspection  the  three  methods  by  which,  besides 
that  belonging  to  the  curve  as  first  described,  the  same  curve 
may  be  produced : — 
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Let  r  and  s  denote  the  numerical  values  of  Vj  and  Vg, 
respectively,  whether  integral  or  fractional.  Let  the  directions 
of  motion  in  each  "  Part  "  be  denoted  as  hitherto  by  the  words 
*•  in  "  or  "  out "  appended  to  the  values  of  Vj  and  Vg  ;  where 
"  in  "  signifies  that  the  number  of  arbors  in  the  train  of  each 
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Part  is  odd,  and  "  out "  that  they  are  (rocn  ;  those  being  the  con- 
ditions which,  in  simple  geometric  turning,  and  under  ordinary 
circumstances,  determine  the  direction  of  the  individual  loops, 
inwards  or  outwards. 

IfVj  be  **  in  "  for  a  given  curve,  the  whole  four  values  of 
Vj  will  be  found  in  column  i  of  the  above  table  ;  and  the 
corresponding  values  for  Vg  will  appear  either  in  columns  2 
or  3,  according  as  Vg  is  "  out "  or  "  in." 

If  Vj  be  "out,"  its  successive  values  are  to  be  taken  from 
column  7,  and  the  corresponding  values  of  Vg  from  columns 
8  or  9,  as  the  case  may  be,  according  as  V2  is  **  out "  or  "  in.** 

And  whether  V^  and  Vg  be  "in"  or  "out"  in  the  first  in- 
stance, the  quantities  a,  by  and  c,  which  represent  the  values 
of  the  eccentricities  of  the  slides  of  Parts  I.  and  II.  and  of  the 
Slide  Rest,  placed  in  that  order  to  begin  with,  will  require 
to  be  transposed  for  each  of  the  three  other  equivalent  sets  of 
adjustments  in  the  manner  shown  in  columns  4,  5  and  6. 

This  theoretical  statement  has  been  arrived  at  by  induction 
only,  from  comparison  of  numerous  observations,  based  upon 
the  principles  above  described.  It  may  seem  hazardous  to 
assume  the  truth  of  the  rules  now  given  upon  these  grounds 
only ;  but  they  have  been  proved  to  hold  for  all  successive 
values,  whether  of  Vi  or  V2,  which  have  been  tried,  as  well 
as  for  all  promiscuous  values  arbitrarily  selected,  whether 
integral  or  fractional  ;  and  there  seems  no  reason  to  apprehend 
the  failure  of  the  theory  in  any  instance. 

The  four  sets  of  equivalent  adjustments  have  been  sufficiently 
exemplified  in  the  case  of  integral  values  of  Vj  and  Vg  by 
those  marked  A  to  E  in  the  preceding  pages.  As  an  instance 
of  fractional  values  the  following  may  be  interesting  ;  any 
one  of  these  four  methods  will  produce  the  figure  2585  : — 
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Various  conditions  of  adjustment,  \  3 1 

and  the  same  treatment  may  be  applied  to  any  other  two-part 
curve  by  proper  substitution  in  the  general  expressions  tabu- 
lated on  page  129. 

On  the  whole,  the  various  conditions  which  apply  to  the 
complete  adjustments  of  the  two-part  Geometric  Chuck  appear 
to  be  these,  so  far  as  one  continuous  curve  only  is  concerned  : — 

1.  Vj  and  V2  may  be  of  moderate  amount,  say  not  exceed- 
ing 10,  and  equal  in  value  or  nearly  so*.  Values  below  unity 
are  not  taken  into  account. 

2.  Vj  may  be  considerably  greater  than  Vg,  say  15  times 
or  more. 

3.  Vg  may  be  considerably  greater  than  Vj,  say  15  times 
or  more. 

4.  V^  and  V2  may  both  be  integral. 

5.  „  „  fractional. 

6.  Vj  may  be  integral  and  V2  fractional. 

8.  The  denominator  of  Vj  when  fractional,  may  be  prime 
or  otherwise  to  Vg  when  V^  is  integral,  and  to  the  numerator 
of  Vg  when  Vg  is  fractional. 

9.  Vi  and  V2  may  be  both  '*out." 

10.  „  „  "in." 

11.  Vj  may  be  "  out,"  and  Vg  "  in." 

1 2.     V  2  f»  fi  I  »' 

13.  Exi  may  be  equal  to  Ex^  or  nearly  so. 

14.  Exj  may  be  decidedly  greater  than  Ex  3. 
1 5«  -t^Xg  »»  »»  ii»Xj. 

16.  The  first  motion  wheel  of  Part  I.  may  be  clamped  in 
one  of  the  two  symmetrical  positions,  or  at  some  intermediate 
point  producing  an  irregular  curve. 

17.  S.R.  may  have  any  value  whatever,  though  seldom 
exceeding  20  hundredths  of  an  inch  ;  so  also  may  V^  and  Vg 
within  the  limits  of  the  change  wheels  provided,  and  Ex^  and 
Ex 2  within  the  limits  of  their  slides. 

And  these  conditions  are  taken  in  combination.    Thus,  No. 

*  The  value  of  Vi  or  V,  when  fractional  may  be  of  moderate  amount,  though 
consisting  of  high  numbers,  as  Jf,  {},  &c 
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1  will  be  associated  with  one  of  those  numbered  4  to  7  (No,  8 
applying  specially  to  5  and  7),  and  each  of  these  pairs  with 
Nos.  9,  10,  ri,  or  12.  Again  to  each  of  these  sets  of  three 
Nos.  13,  14,  or  IS  will  apply ;  and  lastly,  specific  values,  in 
harmony  with  the  conditions  agreed  upon,  have  to  be  assigned 
to  the  five  several  quantities. 

As  regards  No.  i,  all  its  accompanying  combinations  have 
been  sufficiently  displayed.  No.  2  scarcely  requires  examples 
in  addition  to  figs.  215  and  216  ;  but  figs.  3392 — 3395  arcof 
the  same  class.  No.  3  is  illustrated  by  339S,  3409,  and  3425. 
as  regards  integral  values  of  V,  and  V^,  ;  and  fractional 
values  for  both,  of  considerable  difference  in  intrinsic  amount, 
will  receive  further  attention  in  the  next  chapter.  High  num- 
bers, whose  virtual  effect  is  not  reduced  by  the  fact  of  V,  being 
a  multiple  of  the  denominatorof  V,.give  too  crowded  results- 
Low  integral  values,  however,  for  V,,  and  fractional  values 
between  1  and  2  for  V^,  give  very  singular  curves.  No.  16 
may,  perhaps,  repay  further  investigation,  and  some  of  the 
irregular  phases  due  to  a  purposely  incorrect  adjustment  of 
the  first  motion  wheel  of  Part  I.,  of  which  fig.  217  is  an  in- 
stance, could  possibly  be  combined  with  ornamental  effect. 

But  the  beauty  of  geometric  turning,  treated  as  an  engraving 
process,  depends  chiefly  upon  the  happy  association  of  various 
curves.  From  all  that  precedes,  the  amateur  will  not  have 
much  difficulty  in  recognizing  the  conditions  necessary  to 
produce  a  single  curve  of  any  given  character;  it  only  remains 
therefore  to  ascertain  how  repetitions  of  any  curve,  with  some 
slight  variation,  may  be  used  to  complete  a  design.  Now,  as 
long  as  the  change  wheels  arc  unaltered,  there  are  evidently 
five  different  ways  of  varying  the  curve : — 

(i.)  By  changing  tJie  quantity  spoken  of  as  S.R.,  i.e.,  the 
distance  of  the  describing  point  from  the  axis  of  the  mandrel, 

(ii.)  By  changing  the  point  of  clamp  contact  of  the  first 
motion  wheel  of  I'art  I. — and  this  may  be  briefly  denoted  by 
F.M,. 

(iii.)  By  changing  the  point  of  clamp  contact  of  the  first 
motion  wheel  of  Part  II. — which  may  be  called  F.Mj. 
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(iv,)  By  changing  the  eccentricity  of  the  rectilinear  slide  of 
Part  I.  or  Ex^. 

(v.)  By  changing  the  eccentricity  of  the  rectilinear  slide  of 
Part  II.  or  Ex  2. 

And  it  would  be  practicable  to  take  two  or  more  of  these 
variations  together,  such  as  varying  all  three  of  the  quantities 
Ex^,  Exg,  and  S.R.  simultaneously  and  preserving  the  pro- 
portion which  previously  existed  between  them,  in  order  to 
produce  a  given  curve  on  a  larger  or  smaller  scale ;  or  moving 
F.M|  forwards  while  F.Mo  is  moved  backwards  ;  or  adopting 
any  other  combinations  of  the  five  adjustments.  But  for  the 
present  purpose  it  will  be  sufficient  to  trace  the  effect  of  each 
change,  separately,  upon  the  same  curve.  Any  figure,  not  too 
complicated,  would  answer  this  end ;  the  one  selected  is 
Vj  =  f  "  out  "  V2  =  7  "out,'*  whose  outline  is  not  unlike  that 
of  fig.  2473,  with  7  members  instead  of  3. 

FJg-  3448  shows  the  effect  of  change  (i.) ;  the  adjustments 
were  Exj  =  30,  Exg  =70,  and  S.R.  varied  by  intervals  of 
2^  from  7  to  193^  ;  six  curves  in  all,  the  chuck  remaining 
entirely  unaltered. 

Fig.  3449  shows  the  effect  of  change  (ii.) ;  and  it  will  be  at 
once  observed  how  pleasingly  the  curves  are  varied  and  com- 
bined by  this  simple  alteration  ;  the  adjustments  were  Ex^ 
=  30,  Exg  =  70,  S.R.  ==  12 ;  and  there  are  only  five  curves. 
The  first  was  described  with  a  careful  adjustment  of  F.M^ 
for  symmetry  of  position  ;  and  then  two  equally  distant  posi- 
tions, each  producing  discordant  curves,  regarded  singly,  were 
taken  on  F.M  ^  on  cither  side  of  that  at  which  the  first  curve 
was  described.  In  this  case  these  positions  were  six  teeth 
apart,  or  the  sixteenth  part  of  the  circumference  of  RM^. 

Fig.  3450  shows  the  effect  of  change  (iii.) ;  the  adjustments 
were  Ex^  =  30,  Exg  =  70,  S.R.  =  20 ;  and  F.M^  was  moved 
six  teeth  between  each  of  the  four  curves.  An  alteration  of 
F.M 2  makes  no  corresponding  alteration  in  the  curve;  it 
merely  causes  the  same  curve  to  be  repeated  in  what  may  be 
termed  another  axial  position.  There  is,  therefore,  no  necessity 
to  select  one  point  of   clamp  contact  for  F.M 2  more  than 
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another,  except  as  regards  the  arrangement  of  the  design  with 
reference  to  some  other  upon  the  same  surface. 

On  proceeding  to  examine  the  effect  of  the  two  remaining 
changes  (iv.)  and  (v.) ;  it  appears  that  in  both  cases  the  asso- 
ciation of  curves  is  no  longer  symmetrical  as  a  whole.  This 
has  been  proved  in  a  former  part  of  this  work  to  be  an  inevit- 
able accompaniment  of  any  alteration  in  Ex j,  and  allusion  has 
also  been  made  to  the  similar  disturbance  introduced  by  any 
alteration  of  Exg.  A  system  of  compensation  is,  therefore,  re- 
quired in  each  case;  first,  to  maintain  the  symmetry,  or  correct 
outline,  of  each  individual  curve,  notwithstanding  an  alteration 
of  Ex  J  ;  and  secondly,  to  maintain  the  same  axial  position  for 
all  the  curves,  notwithstanding  an  alteration  of  Exg.  The 
former  of  these  two  kinds  of  compensation  has  been  provided  for 
experimentally,  by  practically  ascertaining  the  amount  which 
would  be  necessary,  for  V^  --  i,  at  any  part  of  that  eccentric 
slide.  The  method  is  described,  and  the  corrections  tabulated, 
on  page  36 ;  and  the  same  course  has  proved  successful  in  de- 
termining a  system  of  compensation  for  any  alteration  of  Exa- 

The  procedure  detailed  with  some  minuteness  at  page  35, 
for  Part  I.,  was  repeated  for  Part  II.,  and  an  average  of  several 
observations  enabled  the  following  Table  to  be  constructed  : — 


Ex  2  slide 

Correction 

Kx-  slide 

Co'rection 

moved  from 

when  V-  -      I. 

moved  from 

when  Vo  ^=I. 

0  to  10 

0*40 

80  to     90 

073 

10  —  20 

0-43 

90  100 

077 

20  —  30 

0-47 

100  —   I  10 

o-3i 

30  —  40 

0*51 

I  10  120 

0-86 

40          50 

'            0-56 

I  20  I  30 

090 

50  —  60 

o-6o 

130  —   140 

0-95 

60  —  70 

1        0*64 

140  150 

099 

70 80 

0.68 

150  160 

1         1 04 

From  the  smaller  size  of  Part  II.,  the  range  of  its  eccentric 
slide  is  not  so  extended  as  that  of  Part  I. ;  \N'hile  for  the  same 
reason,  the  disturbance,  and  consequently  the  correction,  is 
greater,  for  the  same  intervals  of  eccentricity  in  Part  II.,  than 
in  Part  I. 
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This  table  is  used  in  the  same  manner  as  its  predecessor ; 
the  amount  of  correction  is  taken  out,  by  interpolation  if 
necessary,  to  correspond  with  the  increase  or  diminution  of 
eccentricity  which  the  slide  of  Part  IL  is  to  receive  ;  that 
amount  is  multiplied  by  the  value  of  V,  for  the  time  being, 
and  the  first  motion  wheel  of  Part  II.  (F.Mg)  is  released,  and 
reclamped  at  the  distance  thus  indicated — being  moved  back- 
wards if  v.,  is  *'out,"  forwards  if  Vo  is  "in/*  But  here  a 
serious  disadvantage  exists  as  compared  with  the  facility  for 
expressing  at  F.Mj  any  required  distance.  This  distance  is 
given  in  both  tables  in  decimals  of  a  tooth  ;  and  the  calcu- 
lated distance  for  any  required  increase  of  Ex^  or  Exg  is 
pretty  certain  to  include  parts  of  a  tooth,  as  well  as  a  whole 
number  of  teeth,  of  F.Mj  or  F.Mg.  At  F.M,-  the  vernier 
adjustment  of  the  detent  plate  is  all  that  could  be  wished  for, 
moving  any  distance  accurately,  to  the  tenth  part  of  a  tooth 
or  even  less.  But  F.Mg  has  no  vernier  or  other  contrivance 
to  fulfil  the  same  office,  and  can  only,  therefore,  be  moved  for 
one  or  more  teeth  as  a  whole  number,  the  accompanying 
decimal  being,  perforce,  neglected.  Some  provision  of  this 
kind  could,  no  doubt,  be  made,  but  even  in  its  absence,  very 
satisfactory  correction  can  be  achieved  ;  especially  if  some 
care  be  taken  to  select  such  an  interval  on  the  eccentric  slide 
(where  a  less  quantity  than  *oi  inch  can  be  estimated  very 
fairly),  as  will  require  very  nearly  a  whole  number  of  teeth  in 
correction  at  F.Mg.  And  the  greater  is  the  value  of  V.,,  the 
more  easily  may  this  be  managed. 

As  a  tolerably  severe  test  of  the  system  of  correction  for  any 
alteration  in  Ex 2,  it  was  applied  in  the  following  manner  to 
the  description  of  a  series  of  squares,  one  inside  another,  with 
their  adjacent  sides  strictly  parallel.  If  no  such  correction 
were  applied,  it  is  hardly  necessary  to  point  out  that  the 
squares,  as  they  increased  in  size,  would  increasingly  differ 
from  positions  parallel  to  that  first  described,  and  would  inter- 
sect each  other  instead  of  being  ranged  truly  side  by  side. 
Fig.  3451  shows  the  result  of  the  experiment;  V.^  was,  of 
course,  4  "  out "  for  the  whole  scries.  S.R.  also  remained  undis- 
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turbed  at  7  ;  V,  was  increased  somewhat  in  proportion  to  the 
lengths  of  the  sides  of  the  successive  squares,  and  Ex,,  Ex,, 
were  always  in  the  proper  ratio  for  producing  a  rectilinear 
figure,  as  fully  explained  when  treating  of  Part  1.  :■ — 


Exi. 

Ex,. 

Tabular 

CoirectioD. 

Tee(h 

v.-i. 

V,-4. 

F.M,. 

14 

1 

9 

22 

3 

27 

0799 

3-196 

3 

30 

45 

0-931 

3-724 

4 

38 

63 

1072 

4-288 

46 

81 

1-201 

4804 

5 

S4 

11 

99 

■360 

5-440 

5 

62 

13 

■■7 

1-489 

5'95I5 

6 

70 

15 

13s 

■■633 

6-532 

7 

78 

17 

■S3 

■-777 

7-108 

7 

The  addition  of  the  last  column  is  41  teeth,  and  of  the  last 
but  one  4i'04S;  shewing  that  the  distance  is  correct  in  the 
aggregate,  though  its  successive  increments  could  not  be  ex- 
pressed so  accurately  as  might  be  desired.  The  innermost 
square  is  the  least  satisfactory,  doubtless  owing  to  the  point 
of  the  tool  not  being  rigidly  adjusted  for  height  of  centre,  an 
error  whose  effect  is  always  greatest  at  the  centre  of  the  work. 
No  correction  was  made  at  KM,  for  the  small  alterations  in 
Ex^.  For,  it  will  be  remembered  that  a  change  in  Ex,  affects 
the  curve  individually  ;  and  in  the  curves  hero  used,  the  loops 
are  so  numerous  and  similar,  and  their  intersections  so  fre- 
quent, that  their  individual  symmetry  is  hardly  disturbed. 

To  recapitulate  briefly, — an  alteration  in  Ex,  disturbs  the 
symmetry  of  the  curve,  and  requires  a  correction  at  F.M,. 
And  an  alteration  in  Ex^  changes  the  axial  position  of  the 
curve,  and  requires  a  correction  at  F.Ma-  A  system  of  com- 
pensation has  now  been  described  for  each  of  these  two 
alterations,  and  we  can  therefore  proceed  to  examine  the 
effects  of  the  changes  (iv.)  and  (v.)  stated  on  page  1 33. 

Fig.  3452  shews  the  effect  of  change  (iv.) : — Ex^  was  70 and 
S.R.  7 ;  Ex,  was  moved  from  30  to  40  by  intervals  of  2^  ; 
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there  are  five  curves  in  all.  The  tabulated  correction  cor- 
responding to  that  interval,  at  the  part  of  the  slide  specified, 
and  multiplied  by  the  value  of  Vj  is  0*315  ;  and  that  amount 
of  compensation  was  made  at  F.M|  between  each  of  the 
curves. 

Fig.  3453  shews  the  effect  of  change  (v.) : — Ex,  was  30,  and 
S.R.  7  ;  Ex  2  was  moved  from  55  to  6y}4  by  intervals  of  2  J^  ; 
there  are  six  curves  in  all.  The  tabulated  correction  corre- 
sponding to  that  interval  at  the  part  of  the  slide  specified,  and 
multiplied  by  the  value  of  Vj,  is  1*085  J  ^"d  a  correction  of 
one  tooth  at  F.Mg  was  made  between  each  of  the  cur\'es. 

Any  cur\'e  whatever,  produced  by  the  two-part  Geometric 
Chuck,  may  be  repeated  with  one  or  more  of  these  variations, 
not  omitting  to  apply  the  proper  compensation  at  F.M, 
or  F.Mj  whenever  EX|  or  Exj  undergoes  an  alteration.  But 
the  most  remarkable  change  is  that  marked  (ii.)  above  ;  for  if 
new  clamping  positions  be  selected  in  pairs,  at  equal  distances 
from  that  point  at  which  the  curve  has  been  found  to  be  the  most 
symmetrical,  the  addition  of  such  pairs  of  unsymmetrical  curves 
will  form  a  perfectly  regular  design.  And  although  one 
illustration  only,  fig.  3449,  has  been  offered  of  the  result  of 
this  variation,  it  is  strongly  commended  to  the  attention  of 
the  amateur ;  for  it  is  at  once  the  most  simple,  and  the  most 
fertile  in  ornamental  effect,  of  all  adjustments  of  the  Chuck. 
When  the  whole  circumference  of  F.M,  is  passed  round,  and 
clamped  at  equal  intervals,  the  entire  figure  presents  a  com- 
plete or  filled-up  appearance,  as  distinguished  from  the  partial 
or  scattered  aspect  produced  by  the  addition  of  two  or  more 
pairs  only.  Fig.  3454  is  constructed  in  this  way,  being  a  repeti- 
tion on  a  larger  scale,  and  with  slightly  different  eccentricities, 
of  fig.  2518 — though  it  is,  perhaps,  doubtful  if  any  amateur, 
unless  more  credulous  than  mechanicians  usually  arc,  will 
accept  that  statement  without  putting  it  to  the  test  of  experi- 
ment. 

Very  frequently  a  figure  may  consist  of  a  single  but  com- 
plicated curve,  whose  entanglements  are  suflficient  to  create  a 
pleasing  and  complete  design  without  further  assistance.  But 
when  this  is  not  fully  satisfactor)',  and  it  is  desired  to  arrange 
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a  complicated  pattern  consisting  of  several  members,  i 
much  facilitate  their  correct  distribution  to  reduce  the  C 
after  every  alteration  in  either  train  of  change  wheels, 
initial  position  of  parallelism  of  the  eccentric  slides  while 
verniers  arc  at  zero  ;  and  then  to  apply  the  proper  cot\ 
sation  at  FMj  and  F.Mg  for  the  amounts  of  eccent 
imparted  to  Exj  and  Exg  respectively. 

The  execution  of  diagrams  by  pen  and  lithographi< 
which  answered  very  fairly  for  the  simpler  curves,  did  not 
satisfactory  when  the  figures  became  more  complicated,  ; 
process  of  illustration  advanced.  The  method  was  thei 
abandoned,  from  fig.  3435  onwards,  in  favour  of  the  men 
able  system  of  wood  engraving. 
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Further  consideration  of  related  fractional  values. 


[E  general  aspect  or  characteristic  feature  of  any  com- 
md  curve  obtained  by  the  two-part  Geometric  Chuck  is 
lined  almost  altogether  by  the  value  of  the  train  of 
leels  on  Part  II..  for  which  the  symbol  V^,  has  been  adopted, 
lus,  if  Vg  =  2  *'out/'  the  resulting  figure,  whatever  be  the 
due  of  the  train  on  Part  I.,  />.,  V, ,  will  be  one  whose  external 
mndary  is  more  or  less  elliptical.  Similarly,  if  Vg  =:  6  "in," 
le  completed  figure  will  generally  have  six  internal  loops,  of 
reater  or  less  solidity,  according  as  the  greater  or  less  value 
)f  Vj  may  yield  a  greater  or  less  number  of  intersecting  lines. 
lAnd,  when  Vo  is  fractional,  it  appears  that  the  general  aspect 
lof  the  compound  curve  i:  mostly  defined  by  the  numerator  of 
that  fraction.  Thus,  when  Vg  =  f  or  f,  of  which  various 
examples  occur  in  the  series  which  has  been  illustrated  in 
the  preceding  pages,  the  figures  possess  for  the  most  part 
5  or  8  decided  loops  respectively,  in  or  out,  as  the  other 
conditions  may  decide,  and  more  or  less  filled  up  with  inter- 
secting lines,  according  to  the  higher  or  lower  value  of  Vj. 

But  this  rule  only  holds  good  so  long  as  Vj  is  integral,  and 
so  long  as  the  denominator  of  Vj,  when  fractional,  possesses 
no  factor  in  common  with  V.,  when  integral,  or  w^ith  the 
numerator  of  Vg  when  fractional.  When  the  case  is  other- 
wise, that  is  to  say,  when  there  is  some  factor  common  to 
both  the  denominator  of  Vj  and  the  numerator  of  Vg,  the 
general  aspect  of  the  figure  no  longer  corresponds  to  the  in- 
tegral value,  or  to  the  numerator  of  a  fractional  value,  of  V^. 
In  that  event,  the  course  of  the  cur\'e  is  always  shortened  and 
simplified,  and  very  frequently  the  number  of  characteristic 
loops  it  would  otherwise  possess  appears  to  be  reduced  by 
the  division  which  can  take  place  (in  the  ordinary  manner  of 
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**  cancelling  "  fractions)  between  the  denominator  of  V^  and 
the  numerator  of  V.,.  It  is  not  to  be  inferred,  however,  that 
the  privilege  of  "cancelling,"  as  in  ordinary  multiplication  of 
fractions,  can  be  extended  to  the  numerator  of  Vj  with  the 
denominator  of  V^.  There  is  no  material  difference,  for  ex- 
ample, between  the  equally  crowded  figures  described  with 
Vi  =  y,  Vo  =f^  and  those  with  V^  =  \\  V^  =^,  although, 
in  the  former  conditions  of  adjustment,  the  numerator  of  Vj 
is  divisible  exactly  by  the  denominator  of  Vo,  and  in  the  latter 
it  is  not. 

The  first  instance  which  occurs  in  the  series  is  when  Vj  =  | 
out,  and  V.^  =  2  out,  and  2  in.  The  figures  are  manifestly 
more  simple  than  would  have  been  expected  from  previous 
results,  and,  without  showing  any  decided  tendency  to  the 
cardioid,  arc  altogether  different  from  figures  which  would  be 
given  by  Vj  »=  fj-,  V.,  =  2,  between  which  values  no  such 
relation  exists.  Next,  it  will  be  observed  that  with  the  same 
value  of  f,  whether  "  in  "  or  "  out,"  for  Vj,  and  4  for  Vg,  some 
of  the  figures  possess  two  principal  compartments,  and  others 
give  indications  of  the  ellipse.  Similarly,  when  Vg  «  6,  a 
three-looped  or  triangular  character  is  visible;  and  when 
V2  «=  f  and  \f,  four-sided  and  five-sided  figures  respectively 
are  apparent. 

Effects  of  the  same  nature  are  observable  for  these  values 
of  V2  when  V,  =-1-;  and  both  sets  of  figures,  arising  under 
these  conditions,  are  altogether  distinct  from  those  which  have 
been  traced  with  like  values  for  Vo  but  with  V^  •=  f. 

Again,  when  V,  «=  |-,  the  course  of  the  curve  is  perceptibly 
changed  by  the  values  -5,  and  \f  (whose  numerators  are  divi- 
sible by  s,  the  denominator  of  V,)  being  used  for  Vo  ;  many 
of  the  figures  being  unusually  curious,  and  offering  no  clue  to 
their  origin.  And  when  V,  —  ^/,  the  curves  are  condensed  in 
the  same  manner  when  Vg  ■=  3,  6,  or  9  ;  their  general  aspect 
being  reduced  to  i,  2,  or  3  compartments  respectively,  in  ac- 
cordance with  this  law  of  division  which  appears  to  regulate 
their  features. 

A  more  decided  illustration  of  this  principle  is  offered  in 
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fig.  3400,  where  Vj  =  ft  o"^»  ^"^  V^  =  54.  V^  is  here  pre- 
cisely three  times  the  denominator  of  V^,  and  the  figure  has 
three  very  decided  compound  loops.  So  in  fig.  3404,  Vg  is 
equal  to  twice  the  denominator  of  Vj,  and  the  general  aspect 
is  that  of  a  two-looped  figure.  These  figures  are  composed  of 
what  appears  to  be  the  ellipse  in  circulation,  the  reason  evidently 
being  that  their  values  for  Vj  are  very  nearly  equal  to  2  "out." 
And  in  selecting  fractional  values  for  Vj,  to  produce  figures  of 
this  class,  the  amateur  will  be  guided  by  the  proportions  of 
the  elementary  figure  from  the  repetition  of  which  in  certain 
sequence  it  is  proposed  to  build  up,  as  it  were,  the  complete  de- 
sign. If  the  ellipse  is  to  be  employed  for  this  purpose,  and 
this  is  the  most  effective,  the  numerator  of  the  fractional  value 
for  Vj  will  be  a  little  less  or  a  little  greater  than  twice  its 
denominator.  If  the  approximate  triangle  or  square,  or  some 
other  form  of  the  3  or  4  looped  figure,  be  proposed  for  this 
process  of  repetition,  the  numerator  of  Vj  will  have  to  be  about 
three  times,  or  four  times,  as  the  case  may  be,  greater  than  its 
denominator.  And,  for  the  most  part,  V^  will  give  better 
results  when  "out"  than  when  "in,"  though  fig.  3433  shows 
that  experiments  with  "  in "  values  may  be  sometimes  in- 
teresting. 

Further  investigation  brings  to  light  another  clement  upon 
which,  when  the  denominator  of  Vj  and  the  numerator  of 
Vj  are  divisible  by  the  same  factor,  the  general  aspect  of  the 
curve  depends.  And  that  is,  the  amount  by  which  the  nume- 
rator of  Vj  differs  from  some  multiple  of  its  denominator. 
When  that  difference  is  unity,  the  characteristic  outline  of  the 
complete  figure  is  simply  that  indicated  by  Vg,  after  its  division 
by  the  highest  number  which  is  found  to  be  a  common  factor 
of  the  denominator  of  Vj  and  the  numerator  of  V2.  Thus  in 
fig.  3400,  whose  adjustments  have  been  stated  above,  the 
numerator  of  V^  is  twice  its  denominator,  viimis  one ;  and  the 
characteristic  outline  of  the  figure  is  ojice  the  quotient  (3) 
obtained  from  the  division  of  54,  this  numerator  of  Vg,  by  18, 
the  denominator  of  V^.  But  in  fig.  3406,  though  V2  is  only 
twice  the  denominator  of  Vj,  there  zx^foiir  principal  loops  or 
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compartments  instead  of  two  :  the  reason  being  that  here  the 
numerator  of  V I  is  twice  its  denominator,  wi>/ttjft«j/  and  the 
characteristic  outline  of  the  figure  is  twite  the  quotient  (z) 
obtained  from  the  division  of  54,  the  numerator  of  Vj,  by  27, 
the  denominator  of  V,.  And  again,  in  fig.  3414,  the  numerator 
of  V,  is  three  limes  its  denominator,  iniiiiis  two;  and  the 
characteristic  outline  of  the  figure  is  t-.t-icc  the  quotient  (3) 
obtained  from  the  division  of  33,  the  numerator  of  Vo,  by  [i, 
the  denominator  of  V,.  And  it  will  be  found  that  when  the 
numerator  of  a  fractional  value  for  V,  differs  from  some 
multiple  of  its  denominator  by  any  other  number  than  i,  then 
the  general  aspect  of  the  figure  is  represented  by  that  number 
of  difference  multiplied  into  the  reduced  value  of  Vj,  as  ob- 
tained from  the  division  of  its  numerator  by  the  denominator 
ofV,. 

This  principle  may  be  stated  in  general  language  as  follows: 
Let  P  denote  any  number  which  is  to  be  taken  for  the  denomi- 
nator of  a  fractional  value  of  Vj,  and  let  the  numerator  of 
V,  be  /«  ?*■/-,  \vht;re  m  is  any  integer  (seldom  exceeding  6 
with  advantage)  and  r  is  the  least  difference  between  one 
multiple  of  P  and  the  next  [c.^^.,  if  V,  =  V,  it  is  to  be  ex- 
pressed as  -  -p-~' not  as  p  -].  Lastly,  let  an  int^ral 
value,  equal  to  n  P.  be  taken  for  V^.  Then  the  general  aspect 
of  the  figure,  that  is,  its  number  of  compartments  or  groups  of 
intersections,  will  be  represented  by  11  r. 

A  further  peculiarity  will  be  noticed,  viz.,  that  when  r  is 
positive,  Vjj  being  "in,"  the  general  aspect  of  the  figures  is 
one  of  external  loops,  and  one  of  internal  loops  when  r  is 
n^ative  ;  and  vice  i-crsa  when  V„  is  "  out."  For  instance,  in 
fig.  3400,  where  r  =-  — i,  and  «  =-  3,  there  are  3  distinct  loops 
inwards;  and  fig,  3401,  where  r=  +  i  and  «  —  3,  is  of  the 
triangular  character  given  by  adjustments  for  3  loops  out- 
wards. Figs.  3405  and  3406  are  a  similar  pair,  but  as  it 
happens,  fig.  3405  was  described  with  Vj  "  out."  Vj  being  the 
same  both  as  to  value  and  direction  for  both  figs. ;  while  in 
fig.  3406,  Vj,  having  the  same  value  as  before,  was  "  in  " ;  and 
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the  result  proves  to  be  almost,  though  not  quite,  identical  with 
that  obtained  with  V^  =  ff  "out,"  Vg  =  54  "in."  In  the 
same  way  figure  3410  proved  to  be  equally  attainable  as  to 
general  aspect  with  Vj  —  -f  |  "  out,"  Vg  =  30  "  in"  ;  and  with 
Vi  =  II  "  out,"  V2  =  30  "  out  "  ;  the  latter  figure  being  rather 
the  more  closely  filled  of  the  two.  So  fig.  341 1  could  be  de- 
scribed either  with  V^  =  4|  "out,"  Vg  =  30  "out."  or  with 
V,  =  -ff  "  out,"  Va  =  30  "  in."  And,  in  like  manner,  it  will 
be  always  found  that  whether  we  take  for  the  numerator  of 
V^,  wP-r,  with  V2  "in,"  or  ?;/ P  +  r,  with  Vg  "out,"  the 
results  will  be  exceedingly  similar. 

And  this  gives  a  convenient  choice  in  the  selection  of 
wheels,  a  desired  figure  being  probably  attainable  by  one 
method,  if  not  by  the  other.     Thus,  if  P  =  26,  and  the  frac- 

2  P  +  I         *> "? 
tional  value  forVj  be  intended  to  be  — p —   or  ~,  it  may  be 

more  convenient,  in  the  absence  of  a  53  wheel,  to  use  the  other 

form  of    — 5 — ,  or  ^,  whose   numerator  is  not,  like  53,  a 

prime  number,  changing  the  direction  of  Vg  accordingly. 

;;P 

But  when  Vg  is  fractional  (=       ,  suppose,  instead  of;/  P),  a 

further  exception  may  arise  ;  for  when  the  difference  r,  which 

occurs  in   the  numerator   of  V^,  can    be   divided  by  Sy   the 

nr 
general  outline  of  the  figure  is  "circulating,"  and  contains  — ' 

instead  of  ;/r,  loops  ;  and  the  describing  point  travels  s  times 
round  the  surface  before  the  curve  is  completed.  For  example,  take 

V,  =H  V,  =  ^  [/>.,  V,  =1^  - Va =^,  where  P= 33  0  then, 

in  accordance  with  the  statement  just  made,  the  general  aspect 

of  the  figure  will  be  —   =  ^  =  3  ;  and  accordingly  we  find 

a  three-looped  figure  (internal,  r  being  negative),  and  the  pen 
or  cutting  tool  goes  s  times,  i.e,y  twice,  round  the  figure  in 

77      2  P-  X        J    ,r  160 

describing  It.     Agam,  whenVj   =  ^= — p-^  and  V.^  =  -- 
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A  P 

=  -  ,     P  being  -  40,  (centre  portion  of  fig.  3445),  the  general 
3 

ti  r        A  ^  1 

aspect  of  the  figure   -  --  =^  - — -  =  4,    and    the    describing 

^  3 

point  goes  three  times  {s  =  3)  round  the  surface  before  the  figure 
is  completed.  Strictly  speaking,  it  should  be  said  that  the  sur- 
face travels  s  times  round  the  describing  point ;  as  is  the  fact, 
for  the  point  is  fixed  and  the  surface  is  in  motion.  Another 
instance  is  found  in  fig.  3444. 

Now  in  these  last  two  examples,  it  so  happens  that  r  «  ^, 
and  the  compound  loops,  though  described  by  a  repetition  of 
the  course  of  the  point  s  times,  almost  in  the  same  path,  are 
consecutive ;  this  approximate  retracing  of  the  curve  serving 
only  to  fill  up  the  loops  more  closely.     But  when  r  and  s  have 

fff  P  ^  ^ 

no  common    factor    (in  the    general  formula  V^  =  — h^^^> 

n  P 
V2  ==  — ),  the  loops  are    fir  in  number,    external,   if   r  be 

■J 

positive,  internal,  if  r  be  negative  ;  and  when  each  loop  is 
once  commenced  it  is  completed,  without  subsequent  addi- 
tion of  other  portions  of  the  curve,  before  it  is  left  for  another. 
But  the  loops  are  circulating,  not  consecutive  ;  the  describing 
point  going  s  times  round  the  surface  before  the  figure  is  com- 
pleted,  though  making   fresh    loops   on  each   occasion.     In 

2  P  +  4  4  P 

illustration  of  this,  if  we  have  Vj  =  — p-^,  Vj  .=  ^—,  what- 

ever  P  may  be,  there  will  be  16  loops  oufzcarc/s,  described  at 
thrice;  and  if  the  numerator  of  Vj  be  2  P-4,  other  values 
remaining  the  same,  there  will  be  16  loops  inzvards,  also 
described  at  thrice.  Sec  fig.  3446  for  an  example  of  both 
these  cases.  P  being  35  in  the  first,  and  55  in  the  second; 
also  figs.  3434  and  3435.  And  the  principle  still  applies, 
although  the  denominator  of  Vj  and  the  numerator  of  V,  are 
only  divisible  by  some  common  factor,  instead  of  the  latter 
being  a  complete  multiple  of  the  former.  Thus,  in  fig.  3447 
these  two  quantities  can  be  both  divided  by  ii,  and  the  re- 
sulting quotient  7,  for  the  numerator  of  Vg,  decides  the  general 
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aspect  of  the  figure,  which  is  circulating  and  obtained  by  repe- 
tition. 

For   experiments    on    this  relation   between  V^  and  the 

denominator  of  Vj,  the  one-looped  figure  will  be  as  useful  as 

2  P  -f  I 
any.     Fig.  3436  was  described  with  V^  =  — 5 —  with  Vj  =  P 

"  in,"  and  the  curve  is  hardly  distinguishable  from  that  given 

by  v.  = —  =  - — =r— ^  with  V-  =—  =  — .     There  is  rather 
"^      *       55  P  *        2         2 

more  difference  when  V,  =  ^ —  =  — .^ —  with  Vo  =  ~  «  out " 

*       55  P  *        2 

=  —  "  out : "  more  than  would  be  found  from  V.  =   — -  = 
2  '  '55 

2  P-  I 

— p— ,  with  V,  =  55  "  out "  =  P  "  out,"  if  that  fractional  value 

for  Vj  could  be  expressed  by  the  change  wheels  provided, 
which  is  not  the  case.  But  the  general  effect  produced  by 
figures  of  this  class  can  be  obtained  with  almost  equal  advan- 
tage by  any  of  these  four  sets  of  adjustments  which  follow : — 

v.  V, 

""  p    ^  "  out ",       taken  with        «  P  "  in  " 
///  P-2  n  P 

wP  +  I 


p 


l»  %>  y* 


n  P  "  out  " 


wP  -H  2  ;;  P 

thus  fig.  3412  might  be  obtained  very  approximately  by  either 
of  the  following  sets  of  values  : — 

3-L_i  =  3f  " out ",     with       3P"in"    =33  "in" 
3  P-a  _  31  3  P  _  33 


P  II 


2  2 


^^  =  ff      „  M        3P"out"  =  33"out" 

3  P^g       35  3  P  33 

P  II       "  "  2         "      ""    2 

and,  especially  in  dealing  with  high  numbers,  this  choice  of 
10 
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arrangement  will  often  enable  the  amateur  to  avoid  prime 
numbers,  and  to  select  those  whose  factors  can  conveniently 
be  represented  by  the  proper  change  wheels. 

Of  course  these  comparatively  equivalent  methods  have  no- 
thing in  common  with  those  stated  at  page  1 30,  by  which  the 
same  identical  curve  can  be  described  in  four  different  ways. 
The  formula  there  given  remain  in  force  for  the  curves  of 
the  class  now  being  examined,  as  well  as  apparently  for  all 
others.  Fig.  3417,  for  instance,  may  be  equally  described  by 
any  of  the  four  following  sets  of  adjustments  ;  of  which  the 
first  was  the  one  employed,  and  is  the  most  eligible  ;  the  other 
three  being  determined  by  the  formula  in  question. 

V, 

y  out 

V  in 

^  out 

The  second  of  these  sets  indicates  a  method  of  obtaining 
unusually  high  numbers  on  Part  II.,  subject  to  the  condition 
that  both  the  numbers  selected,  and  also  that  number  in- 
creased or  diminished  by  I,  can  be  resolved  into  appropriate 
factors.  Thus  :  let  V,  —  f^  out,  V^  =  231  in  ;  V,  being  17 
times  the  denominator  of  V,.  And  if  it  were  possible  to  give 
so  great  a  value  to  V^,  we  should  obtain,  with  about  Ex,  ^12, 
Exj  —  80,  S.R.  —  10,  seventeen  fan-like  groups  placed  in  the 
circumference  of  a  circle.  But  with  the  help  of  the  formula 
referred  to,  the  same  figure  could  be  described  as  follows  ;— 
V,  Vj  Ex,      Exa     S.R. 

II  in         IHout         So         12         10; 

and  the  change  wheels  for  this  fractional  value  of  V,  would 

221  13  "17  34  26 

be         —     —     =      _      X      ~  ,        At   the  same 

444  37  *  12  37  48 

time,  such  an  arrangement,  consisting  of  values  nearly  equal 
to  unity  for  laoth  V,  and  Vj,  would  place  more  strain  upon 


v. 

Ex, 

Ex, 

S.R. 

28  out 

20 

40 

S 

«out 

40 

20 

s 

52  in 

s 

40 

20 

f?  out 

5 

20 

40 
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the  chuck  than  it  can  be  fairly  expected  to  bear,  unless  the 
driving  power  were  applied  in  front. 

Figs.  3438  and  9  give  the  one-looped  figure  described  at  twice ; 
,p 
Vg  =    -  for  both  directions  of  motion  ;  and  figs.  3440  and 

3441  show  the  effect  of  a  ratio  nearly  equal  to  3  :  i,  applied  to 
the  same  figure,  showing  the  triangle  in  circulation  instead  of 
the  ellipse.  Figs.  3401,  2,  3,  and  5,  exhibit  the  external  forms 
of  the  compound  2,  3,  and  4  looped  figures,  and  it  will  be 

observed  that  3405  is  described  by  the  formula  Vj  = — p — with 

2  P-  I 

V3  =2  P ;  instead  of  by  V^ =-^p —  with  V^  =4  P.  Examples 

of  the  repetition  of  the  three-looped  figure,  yielding  compound 
loops  of  various  numbers,  follow  at  fig.  3409  and  subsequently ; 
fig.  3424  being  an  interesting  development  of  a  blank  square 
by  a  continuous  curve  consisting  of  a  succession  of  three  cusps 
inwards.  Figs.  3425  and  3426  are  the  two  symmetrical  posi- 
tions, obtained  by  clamping  the  first  motion  wheel  of  Part  I. 
at  opposite  points,  of  a  curve  described  with  a  high  value  for 
Vg,  and  four  loops  outwards  for  Vj.  The  square  in  circula- 
tion affords  some  singular  results,  and  adapts  itself  to  the  pro- 
duction of  these  compound  loops  as  easily  as  the  triangle  and 
the  ellipse.  Figs.  3429,  3431,  and  3432  are  composed  in  this 
way,  and  have  the  general  aspect  of  2,  3,  and  4  loops  respec- 
tively :  figs.  3442  and  3443  are  of  the  same  class,  each  con- 
sisting of  a  square  of  squares ;  but  fig.  3442  is  hardly  as 
symmetrical  as  it  might  be  made  by  a  closer  attention  to  the 
strict  parallelism  of  the  eccentric  slides.  Figs.  3444  and  5 
are  rather  more  intricate,  and  have  been  referred  to  already. 
They  are  derived  from  fractional  values  of  higher  numbers, 
and  show  how  varied  and  extensive  is  the  application  of  the 
principle  of  relationship  between  Vj  and  the  denominator  of 
a  fractional  value  for  Vj. 
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Reference  to  the  figures  continued  M  the  end  of  Chapter  VI T. 
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CHAPTER  VI. 


Tfu  Geometric  Chuck  combined  with  the  Epicycloidal 

Cutting  Frame, 


There  is  a  method  of  describing  epicycloidal  curves  inde- 
pendently of  either  the  Geometric  Chuck,  or  a  cutting  frame 
on  the  same  principle,  which  will  readily  occur  to  anyone  at 
all  conversant  with  the  subject  It  has  been  frequently  re- 
invented, and  has  been  described  in  the  pages  of  the  "  English 
Mechanic "  and  elsewhere,  as  well  as  in  the  "  Amateur  Me- 
chanics' Quarterly  Journal,"  No.  4  (for  October,  1871),  p.  121. 
It  consists  in  placing  a  revolving  cutter  in  the  slide  rest  and 
connecting  it  by  toothed  wheels  with  the  axis  of  the  mandrel, 
so  that  there  may  be  a  definite  proportion  between  the  rota- 
tions of  the  cutter  and  the  rotations  of  the  mandrel.  The 
revolving  cutter  may  be  the  usual  Eccentric  Cutting  Frame, 
carrying  a  toothed  wheel  centrally  at  either  end  of  the  axis, 
or  the  Elliptical  Cutting  Frame  designed  by  Captain  Ash  and 
improved  by  Mr.  Perigal ;  or,  better  still,  the  extension  of  the 
latter  instrument,  introduced  by  Messrs.  Holtzapffel  &  Co., 
and  known  as  the  Epicycloidal  Cutting  Frame. 

The  geared  connection  between  the  cutting  frame  and  the 
mandrel  will  have  to  be  made  in  the  best  manner  that  the 
other  arrangements  of  the  lathe  will  permit.  But  supposing 
that  the  lathe  is  already  furnished  with  the  "spiral  appa- 
ratus," *  and  supposing,  also,  that  this  mechanism  is  attached 
in  the  most  favourable  position,  viz.,  at  the  back  of  the  lathe 
head,  and  not  by  the  medium  of  a  special  chuck  in  front,  the 
necessary  connection  between  the  axis  of  the  cutting  frame 
and  mandrel  can  be  made  with  ease ;  and  with  the  further 
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advantage  that  this  combination  of  apparatus  can  be  used 
with  any  chuck  whatever.  The  driving  power  will,  of  course, 
be  conveyed  from  the  large  bevil  wheel  of  the  lathe  to  the 
overhead  motion,  and  thence  to  the  pulley  of  the  cutting 
frame,  from  whence  it  passes,  witli  diminishing  velocity, 
through  the  spiral  apparatus  to  the  mandrel.  And  it  will  be 
found  very  desirable,  in  order  to  secure  uniformity  of  motion, 
that  the  driving  pulley  of  the  cutting  frame  should  be  of  good 
size,  and  also  that  as  slow  a  speed  as  is  practicable  should 
be  communicated  to  the  overhead  motion  shaft  from  the  main 
driving  wheel. 

For  an  arrangement  of  this  kind  the  Epicycloidal  Cutting 
Frame  is  especially  adapted,  both  from  the  large  diameter  of 
its  pulley  and  from  there  being  ample  space  upon  the  boss  at 
the  back  of  that  pulley  for  the  reception  of  a  broad-toothed 
wheel  of  suitable  pitch  :  while  its  facilities  for  the  production 
of  simple  geometric  cur\'es,  consecutive  or  circulating,  render 
it  the  most  appropriate  instrument  for  the  conversion  of  these 
simple  into  compound  figures. 

When  the  spiral  apparatus  takes  its  origin  from  the  back  of 
the  mandrel,  a  light  steel  shaft,  terminating  in  a  double  Hook's 
joint,  by  which  it  is  ordinarily  united  to  the  S.  R.  screw,  ex- 
tends in  a  direction  parallel  to  the  lathe  bearers  from  the 
axis  of  the  last  wheel  of  the  spiral  train.  The  shaft  possesses 
due  provision  for  its  support  at  the  proper  elevation,  and  also 
for  a  considerable  length  of  adjustment  endwise.  The  Hook's 
joint  enables  the  slide  rest  to  be  placed  at  any  angle,  though 
its  screw  be  still  attached  by  this  shaft  to  tlie spiral  apparatus, 
-.and  also  corrects  any  irregularity  in  motion  which  would 
otherwise  occur  when  the  shaft  and  screw  are  intended  to  be 
in  the  same  straight  line,  but  have  not  been  so  placed  with 
sufficient  accuracy. 

And  when  this  contrivance  is  modified  for  the  purpose  of 
combining  the  independent  rotations  of  cutting  frame  and 
mandrel,  the  light  shaft  in  question  is  disconnected  with  the 
S.  R.  screw  and  is  made  to  terminate  in  the  prolonged  axis  of 

wheel  which   is  the   first   of  a  set   of   five,   appropriately 
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mounted  in  a  vertical  frame,  carried  by  a  separate  support, 
like  the  hand-rest  socket,  and  bolted  in  the  same  manner  upon 
the  lathe  bearers.  The  last  of  this  set  of  wheels  is  brought 
into  gear  with  that  already  referred  to  as  being  fixed  on  the 
boss  behind  the  pulley  of  the  cutting  frame,  and  whose  breadth 
is  sufficient  to  allow  a  certain  amount  of  traverse  in  the  cross 
slide  of  the  slide  rest,  so  as  to  permit  the  approach  of  the 
cutting  tool  to  the  slowly  revolving  surface  carried  by  the 
mandrel  without  interrupting  the  contact  of  the  toothed 
wheels.  The  proper  depth  of  gear-contact  between  these  last 
two  wheels  is  secured  by  an  arm  attached  at  one  end  to  the 
axis  of  the  last  wheel  of  those  in  the  separate  vertical  frame, 
and  at  the  other  to  an  eccentric  fitting  screwed  into  a  con- 
venient part  of  the  brass  platform  on  which  the  upper  S.  R. 
slide  traverses.  The  five  wheels  forming  this  supplementary 
train  are  mounted  in  their  frame  upon  three  axes  linked 
together  by  radial  arms,  so  that  the  distance  between  the  first 
and  last  may  be  varied  at  pleasure  within  the  limits  of  about 
an  inch,  and  that  thus  the  cutting  frame  may  be  moved 
laterally  upon  the  slide  rest  to  that  extent  without  discon- 
necting any  of  the  wheels.  The  diminishing  value  of  this 
short  train  is  4 ;  and  its  effect,  in  all  that  follows  by  way  of 
remark  or  tabular  description,  is  included  with  that  of  the 
spiral  apparatus,  under  the  abbreviation  **  Sp."  Theoretically 
such  a  combination  as  this  should  be  available  for  the  produc- 
tion of  all  kinds  of  epicyclic  curves,  however  small  may  be 
the  velocity-ratio  employed  ;  but  unless  the  diminishing  value 
of  the  spiral  apparatus  and  supplementary  train  be  at  least  6 
— and  even  that  is  not  always  sufficient — the  combined  motion 
of  this  apparatus  will  not  be  so  perfectly  uniform,  and  con- 
sequently the  curve  will  not  be  so  evenly  and  truly  described, 
as  would  be  the  case  if  the  geometric  chuck  were  used  alone  ; 
and  the  greater  can  be  the  value  given  to  this  train  of  wheels 
**  Sp."  the  better  will  be  the  result. 

The  amateur  who  may  possess  the  resources  now  described 
can  execute,  by  their  means  alone,  a  large  proportion  of  the 
more  interesting  varieties  of  simple  and  compound  geometric 
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designs;  and  when  to  this  apparatus,  the  simple  Geometric 
Chuck  is  added — and  sometimes  the  second  "  part "  of  the 
chuck  besides — a  wide  range  of  the  class  of  figures  spoken  of 
as  three-part  and  four-part  geonnetric  turning  can  be  attained. 
As  regards  the  construction  and  use  of  the  Geometric  Chuck 
the  preceding  pages  will  probably  afford  all  necessary  infor- 
mation i  and  for  full  particulars  of  the  Epicycloidal  Cutting 
Frame  the  author  begs  to  refer  to  his  Notes  upon  that  instru- 
ment published  by  Messrs,  Triibner. 

In  adjusting  the  apparatus,  the  axis  of  the  cutting  frame 
should  be  made  strictly  to  coincide  with  that  of  the  mandrel 
for  height  of  centre  ;  and  when  tlie  Geometric  Chuck  is  brought 
into  play  in  the  manner  indicated,  "  loss  of  time  "  should  be 
eliminated  from  the  wheels  as  far  as  possible,  and  the  front 
terminal  wheel  should  be  caused  to  move  somewhat  stiffly  on 
its  axis.  Otherwise,  in  certain  positions  of  the  chuck,  the  pro- 
gress of  the  front  wheel  will  be  disturbed  by  the  weight  of  the 
train,  and  move  intermittently. 

I.  But,  in  the  first  place,  it  will  be  well  to  ascertain  what 
effect  is  produced  by  the  simplest  form  of  arrangement,  viz., 
when  the  cutting  frame  describes  a  circle  only,  and  the 
mandrel  carries  nothing  but  a  plain  fixing  chuck  ;  the  cutting 
frame  making  a  certain  specified  number  of  rotations  for  one 
of  the  mandrel.  j 

This  number  will  be  determined  by  the  value  given  to  Sp. ; 
and  to  obtain  a  circle  with  the  Epicycloidal  cutting  frame  all 
that  is  required  is  to  arrange  the  instrument  for  the  ellipse, 
and  to  reduce  the  ellipse  to  a  circle  by  making  the  flange 
^central.  The  distance  of  the  axis  of  the  cutting  frame  from 
that  of  the  mandrel,  being  measured  on  the  slide  rest  as  usual, 
will  be  best  denoted  by  S.R.,  and  the  amounts  of  eccentricity 
given  to  the  frame  and  flange  can  be  represented  by  Fr.  and 
Fl.  respectively ;  Fl.  for  tlie  present  having  no  value. 

Let  Sp.  =  8,  S-R.  =  45,  and  Fr.  =  1 5,  the  two  latter  quantities 
being  expressed  in  hundredths  of  an   inch.     Then  if  the  total   1 
number  of  arbors  engaged  from  the  wheel    fixed   centrally 
behind  the  pulley  of  the  cutting  frame  to  that  on  the  mandrel, 
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inclusiv^e  or  exclusive  of  both,  be  even,  the  loops  produced 
by  the  twofold  rotation  will  be  external,  and  the  resulting 
figure  will  be  similar  in  all  respects  to  fig.  35,  but  if  that 
number  of  arbors  be  odd,  the  loops  will  turn  inwards.  The 
loops  can  be  repeated  at  different  angles,  in  the  manner  repre- 
sented by  fig.  202,  either  by  a  readjustment  of  the  clamp  of 
the  spiral  apparatus  (which  in  the  construction  above  described 
is  placed  at  the  end  of  the  mandrel  between  the  wheel  on  that 
axis  and  the  lathe  head)  or  by  the  graduations  of  the  tangent 
wheel  and  screw,  which  form  so  important  a  feature  of  the 
Epicycloidal  cutting  frame.  And  any  design  whatever  in 
simple  Geometric  turning,  depending  on  either  fractional  or 
integral  values  for  V,  can  be  accomplished  in  this  way,  pro- 
vided the  values  which  have  to  be  given  to  Sp.  are  not  top 
low  for  the  uniform  rotation  of  the  mandrel. 

2.  Next,  let  the  flange  of  the  Epicycloidal  Cutting  Frame 
be  deprived  of  its  central  position,  the  same  change  wheels 
being  retained. 

The  instrument  thus  becomes  an  elliptical  cutting  frame, 
and  the  entire  combination  is  now  equivalent  to  a  ts\'o-part 
Geometric  Chuck  where  V^  =  2,  and  V2  is  equal  to  the  value 
that  may  be  given  to  Sp.  There  will,  therefore,  be  two  sym- 
metrical positions,  giving  with  the  same  adjustments  the 
distinct  but  related  curves,  which  have  been  termed  "  com- 
"  panion  figures "  in  the  previous  pages,  and  have  been 
distinguished  by  a  bracket  prefixed  to  their  reference  numbers. 
The  adjustment  for  "  initial  position,"  corresponding  to  that 
required  for  the  Geometric  Chuck  by  making  both  sides  hori- 
zontal together,  is  at  once  obtained  by  bringing  the  frame  of 
the  E.C.F.  into  a  vertical  position  while  its  flange  is  horizontal^ 
in  the  manner  explained  when  treating  of  that  instrument,  and 
which  will  be  familiar  to  all  who  possess  it.  And  the  related 
or  companion  figure  is  found  by  giving  24  turns  to  the  screw 
of  the  tangent  wheel,  equal  to  one-fourth  of  its  circumference  ; 
that  being  the  amount'  necessary  to  convert  the  ellipse  from 
the  vertical  to-  the  horizontal  condition.  For  example,  let 
Sp.=6"in,"  the  eccentricities  of  Fr.  and  Fl.  be   10  and  20 
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of  E.C.F.  un  S.R.  be  ; 


respectively,  and  the  eccentricity 
Then,  when  the  ellipse  prescribed  by  these  adjustments  is 
situated  vertically,  fig.  494  will  be  produced  ;  and  when,  by 
giving  24  turns  to  the  tangent  screw,  the  ellipse  has  been 
made  horizontal,  the  companion  fig.  493  appears. 

In  further  illustration  of  the  same  arrangement,  let  the 
change  wheels  of  the  cpicycloidal  cutting  frame  be  altered 
from  2  "out"  to  3  "out,"  Sp.  remaining  6  "in  "  as  bef(H% 
Let  Fr.=20,  FI.-20,  S.R.=4o,  and  let  the  E.C.F.  be  carefully 
adjusted  in  the  usual  manner,  Fl.  being  made  horizontal,  while 
at  zero  (by  the  coincidence  of  the  lines  engraved  for  that 
purpose  on  the  boss  of  the  pulley  and  on  the  adjacent  collar 
of  the  square  stem  of  the  instrument),  and  Fr.  being  madC 
simultaneously  perpendicular  by  the  action  of  the  tangent 
wheel,  and  tested  by  a  set  square  placed  upon  the  bearers  of 
the  lathe.  This  being  done,  the  resulting  compound  curve 
will  be  found,  probably  to  the  surprise  of  the  experimenter,  to 
be  altogether  devoid  of  symmetry,  resembling  one  described 
by  the  two-part  Geometric  Chuck  when  the  initial  position  of 
parallelism  of  the  slides  has  been  neglected.  The  reason  cS: 
this  appears  to  be  that  the  describing  curve — if  that  expressioo' 
may  be  used  to  indicate  the  figure  properly  belonging  ftj. 
E.C-F- — requires  to  be  presented  to  the  other  curve  (which  i£ 
due  solely  to  Sp.  and  the  eccentricity  of  S.R.),  with  some 
of  its  sides,  or  of  its  pointed  or  rounded  corners,  in  such  B 
manner  as  to  be  bisected  by  a  horizontal  line  passing  tlirou^ 
the  axis  of  the  mandrel.  Thus,  the  ellipse  may  be  roughly 
said  to  consist  of  two  sides,  and  two  ends  or  rounded  coraers 
and,  after  the  first  adjustment  has  been  satisfied,  a  movemen 
of  the  tangent  wheel  by  one-fourtli  of  its  circumference  at 
time  makes  a  side  horizontal  in  place  of  an  end,  or  viceversS 
But  the  three-looped  figure,  of  which  the  triangular  conditioil 
is  the  most  favourable  for  this  investigation,  docs  not  so  readil/ 
accommodate  itself  to  this  rule.  It  wi!l  be  found,  with  E.C.F.' 
as  first  adjusted,  to  have  one  side  horizontal,  and  the  opposite 
angle  pointing  downward.':  bisected  by  a  vertical  line;  and 
the  side,  so  to  speak,  presented   la  the  simple  curve  of  6  irt- 
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temal  loops  with  which  it  is  to  be  combined,  is  neither  vertical 
nor  horizontal,  but  inclined  at  an  angle  of  30**.  When,  how- 
ever, the  tangent  wheel  is  moved  by  8  turns  of  its  screw  through 
the  corresponding  part — one-twelfth — of  its  circumference,  or 
30^,  one  side  of  the  triangular  figure  becomes  vertical,  and  the 
opposite  angle  is  presented  fairly  in  a  horizontal  line  passing 
through  the  centre ;  and  the  result,  with  the  conditions  sup- 
posed, is  equivalent  to  fig.  930.  To  obtain  the  companion 
figure,  since  the  three-looped  curve  has  three  sides  and  three 
loops  or  comers,  it  will  be  requisite  to  move  the  tangent 
wheel  through  one-sixth  of  its  circumference  (i.e.,  16  turns 
of  the  tangent  screw),  in  order  to  exchange  an  angle  for  a 
side,  and  this  having  been  effected,  the  figure  is  again  sym- 
metrical, and  fig.  931  is  produced. 

Again,  preserving  the  other  conditions  unchanged,  let  V^, 
that  is  to  say  the  change  wheels  of  E.C.F.,  be  altered  from  3 
out  to  4  out,  and  Fr.  be  reduced  to  1 5  from  its  last  value 
of  20.  The  usual  adjustment  of  E.C.F.  for  initial  position 
now  gives  a  symmetrical  compound  curve  at  once,  fig.  1440, 
and  it  now  only  takes  12  turns  of  the  tangent  screw,  equal  to 
one-eighth  of  the  circumference  of  the  tangent  wheel,  to  find 
the  companion  figure,  fig.  1441  ;  for  it  is,  in  the  simple  four- 
looped  curve,  only  one-eighth  of  the  circle  from  a  corner  to  a 
side. 

Similarly,  the  value  of  V^ — i.e.  of  the  train  of  E.C.F. — may 
be  further  increased  to  5  or  6,  or  even  more  if  the  supplemen- 
tary arbor  has  been  added,  which  the  instrument  is  capable 
of  receiving ;  and,  for  further  variety,  fractional  values  may 
be  substituted  for  integral :  so  the  train  defined  as  Sp. — i.e., 
now  Vg — can  receive  almost  any  value,  not  too  small,  and  if 
not  less  than  20  all  the  better;  and  an  extensive  series  of  a 
certain  class  of  two-part  geometric  curves  will  be  thus  avail- 
able, which  may  be  combined  and  varied  at  pleasure,  and 
with  great  certainty  of  correct  adjustment.  We  see,  therefore, 
that  by  using  the  Epicycloidal  Cutting  Frame  and  Spiral  appa- 
ratus in  combination,  without  anything  but  a  plain  fixing 
chuck  on  the  mandrel,  we  have  all  the  elements  of  a  two-part 
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Geometric  Chuck,  limited  as  formerly  to  a  value  for  V^  not  less 
than  6,  and  limited  also,  as  regards  Vj,  to  a  value  not  greater 
than  6,  or  10  if  the  E.C.F.  has  received  the  extension  lately 
referred  to.  Resuming  the  notation  of  previous  pages,  the 
several  adjustments  correspond  as  follows  ; — 

Vi  =  value  of  train  of  wheels  contained  in  E.C.F. 

Vj  =  „  ,.  from    outside    of    E.C.F.    to 

mandrel. 

Ex,  -eccentricity  given  to  frame  of  E.C.F. 

Exj  =  „  „  slide  rest. 

S.R.=  „  „  flange  of  E.C.F. 

P.M.,  -  tangent  wheel  and  screw  of  E.C.F. 

F.M.J  =  divided  wheel  and  clamp  of  Sp. 

3.  The  next  step  in  adding  to  the  capabilities  of  the  com- 
bined apparatus  hitherto  described,  will  be  to  place  the  first 
"part"  of  the  geometric  chuck' upon  the  mandrel.  We  have 
then,  in  the  first  place,  another  arrangement  for  the  two-part 
turning,  obtained  by  reducing  the  Epicycloidal  cutting- frame, 
as  in  (r)  to  the  function  of  a  circle  producer  only:  and 
by  taking 

for  V,  the  value  of  the  train  Sp. 
„     V3  „  .,  ofG.  Chuck,  Parti. 

„     Ex,  the  eccentricity  given  to  the  slide  rest. 
„     Exj  „  „  G.  Chuck. 

„     S.R.  „  „  Fr.  of  E.C.F. 

„  F.M.,  the  divided  wheel  and  clamp  of  Sp. 
„  F.M-a  motion  wheel  and  detent  of  G.  ChucJc  ; 
where  it  will  be  observed  the  offices  fulfilled  by  the  several 
parts  of  the  apparatus  differ  altogether  from  those  in  the  cor- 
responding list  at  the  end  of  the  last  section.  For  low  values 
of  V,  this  method  is  not  so  suitable ;  but  for  high  values  of 
Vi,  which  E.C.F.  is  not  calculated  to  produce,  this  combina- 
tion would  be  effective,  affording  figures  of  the  class  illustrated 
by  fig.  216  and  3392  to  339S,  and,  in  fact,  beginning  to  be 
useful  for  two-part  turning  just  where  the  previous  method 
fails. 
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4.  When,  however,  the  E.C.F.  is  again  permitted  to  describe 
the  ellipse,  and  other  simple  geometric  curves,  we  find  all  the 
facilities  for  three-part  geometric  turning,  subject  as  before  to 
the  conditions  that  Vg  is  not  less  than  6,  nor  V^  greater  than 
6,  or  possibly  10.  And  we  can  now  take  any  simple  geo- 
metric figure  of  tolerably  large  proportions,  and  embellish  its 
outline  by  overlaying  loops,  which  need  be  no  longer  circu- 
lar, but  may  assume  an  elliptical,  or  3  or  4  fold  character,  or 
more,  or  be  derived  from  any  fractional  value  within  the  limits 
of  E.C.F.  The  most  obvious  figure  to  select  for  such^  treat* 
ment  is  the  ellipse,  and  figs.  3455  and  3456  illustrate  its 
application:  V^  (now  E.C.F.)  was  2  "out,"  Vg  (now  Sp.) 
might  be  of  any  convenient  large  value  ;  and  in  this  case  80 
"out"  was  employed;  and  the  new  element  ofVg,  repre- 
sented by  the  train  of  Part  I.  of  the  Geometric  Chuck,  was 
also  2  "  out."  But  for  this  special  purpose,  and  for  any  other 
where  V3  has  the  same  value,  the  elliptical,  or  so-called  oval, 
chuck  could  be  substituted  for  the  geometric  in  the  absence 
of  the  latter.  In  fig.  3455  the  ellipse  produced  by  the 
cpicycloidal  cutting  frame  was  vertical,  and  in  fig.  3456 
it  was  horizontal. 

Now,  in  two-part  geometric  turning  we  have  seen  that  there 
are  always  two  "  companion  figures  "  for  the  same  values  (as 
to  magnitude  and  direction)  of  V^  and  Vg,  and  (as  to  amount 
of  eccentricity)  of  Ex^,  Exg  and  S.R.  These  equivalent,  but 
not  identical,  figures  are  obtained  by  any  adjustment  of  F.Mj, 
which  preserves  the  horizontality  of  both  eccentric  slides  con- 
stituting the  "  initial  position."  It  proves  to  be  a  matter 
of  indifference  whether  the  slide  of  Part  I.  is  made  horizontal 
with  its  screw  head  to  the  right  or  to  the  left ;  but  when  the 
slide  of  Part  II.  is  removed  (by  F.M^)  from  one  horizontal 
position  to  the  other,  that  alteration  effects  a  change  from  one 
symmetrical  curve  to  the  other.  This  variation,  therefore,  be- 
tween the  two  companion  figures  depends  on  the  manner  in 
which  the  eccentric  slide  of  Part  II.  is  made  horizontal ;  and 
this  can  be  done  in  two  ways  (with  the  screw  head  to  the  right 
or  with  screw  head  to  the  left),  no  doubt  corresponding  to 
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the  number  of  companion   figures  producible    by    two-part 
turning. 

In  '■  three-part "  turning,  of  which  the  two  figures  last  in- 
troduced are  really  specimens,  the  same  principle  will  doubt- 
less hold  ;  and  though  we  have  not,  under  present  circum- 
stances, to  discuss  the  action  of  a  Geometric  Chuck  with  three 
actual  slides,  we  may  consider  in  what  number  of  ways  they 
are  susceptible  of  being  harmoniously  arranged ;  and,  s 
the  slide  of  Part  I.  can  be  changed  from  one  horizontal  posi- 
tion to  the  other  without  varying  the  figure,  the  second  and 
third  slides  only  need  to  be  taken  into  account.  These  can 
be  made  horizontal  in  four  different  ways.  viz.  :  both  screw 
heads  to  the  right, — both  to  the  left, — second  to  the  right  and 
third  to  the  left, — or,  second  to  the  left  and  third  to  the  right. 
But  as  we  are  now  dealing  with  E.C.F.  as  the  first  "Part"  of 
a  three-part  chuck,  and  as  Us  normal  adjustment  requires  the 
"  frame  "  to  be  vertical,  it  is  not  surprising  to  find  {as  is  the 
fact)  that  one  of  the  symmetrical  positions  of  the  Ex.  slide  of 
G.C.,  when  associated  with  E.C.F.,  is  also  vertical.  Conse- 
quently, in  three-part  turning,  there  arc  always  foul 
"  companion  figures,"  not  that  they  are  always  distinguishable, 
for  where  V,  or  V,.  or  both,  are  of  considerable  raagnitudej 
the  figures  are  mostly  too  crowded  for  more  than  two 
tjic  four  to  be  of  distinctive  character.  Figures  3455  and 
345G.  for  e-xample,  have  Vj  far  too  large  to  render  this  dif- 
ference of  their  respective  companions  manifest;  but  when 
V,  is  considerably  reduced,  the  several  phases  become  very 
evident,  and  the  figures  3458,  and  three  following,  give  i 
instance  of  their  effect.  In  all  four  figures  the  tabulated 
numerical  adjustments,  both  in  amount  and  direction,  remain 
ihc  same  ;  but  for  two  of  theifi  the  ellipse  of  E.C.F.  is  vertical. 
And  for  the  other  two  horizontal ;  while  for  one  of  each  1 
tltcvte  jwirs  the  Ex.  slide  of  the  Geometric  Chuck  w; 
Ihtritontal,  and  for  the  remaining  two  vertical. 

TltCTC  terms  horizontal  and  vertical  apply  to  the  simulta- 
Mv^wi  *ttJH*tnicnt  of  the  chuck  and  E.C.F.  The  amateur 
«Ut  l*f\»««ptiy  recognise  the  necessity  for  "initial  positio 


when  the  two  instruments  are  united  by  a  continuous  system 
of  wheel-work ;  and  the  analogy  of  previous  examples  of 
adjustment  points  to  the  chuck  slide  being  made  horizontal, 
at  the  same  moment  that  the  flange  and  frame  of  E.C.F.  are 
respectively  horizontal  and  vertical.  This  gives  one  of  the  sym- 
metrical conditions  of  the  apparatus ;  another  v\411  be  found  by 
making  Fr.  vertical  in  the  opposite  direction,  (/>.  with  the  screw- 
head  downwards,)  the  Fl.  and  Ex.  slide  being  still  horizontal ; 
and  the  other  two  of  the  four  companion  figures  are  obtained 
by  making  the  Ex.  slide  vertical,  instead  of  horizontal,  for 
each  of  these  two  positions  of  E.C.F.  It  is  to  be  noted, 
however,  that  when  the  train  value  of  E.C.F.  is  3,  or  any 
other  odd  number,  these  vertical  positions  of  Fr.  will  require 
correction,  according  to  the  particular  value  employed,  in  the 
manner  explained  at  page  1 56.  And  although  when  Vg  is 
lai^e,  and  Vg  not  less  than  4  or  5,  the  stated  positions  for  Ex. 
slide  may  be  adopted  without  qualification,  yet  with  compara- 
tively low  values  for  Vg  and  V3  (as  in  the  four  figures  just 
noticed),  the  '*  loss  of  time  '*  is  so  much  more  sensible,  that  it 
becomes  needful  to  correct  by  trial  the  final  position  of  the  Geo- 
metric chuck.  It  will  not  be  found  to  deviate  very  much  from  the 
true  horizontal  or  vertical  position,  but  the  most  symmetrical 
result  can  only  be  obtained  experimentally.  And  when  this 
initial  position  as  regards  Vg  has  been  determined,  its  counter- 
part is  given  at  once  by  moving  the  divided  wheel  of  Sp.  one 
quarter  round. 

In  preference  to  this  divided  wheel,  whose  clamp  is  not 
always  easy  of  access,  it  is  desirable  to  employ  the  large  tan- 
gent wheel  which  forms  part  of  the  "segment  engine,"*  behind 
the  mandrel  pulley.  The  reading  of  the  graduations  of  this 
wheel  can  be  taken  w^hen  the  chuck  slide  is  strictly  horizontal, 
and  any  slight  necessary  deviation  from  that  point,  to  suit 
any  particular  values  of  the  several  trains,  can  be  observed  and 
recorded.  And  by  this  means  the  position  of  the  chuck  with 
reference  to  the  usual  initial  position  of  E.C.F.  can  be  regulated 

*  See  "The  l.nthc  and  its  Uses,"  page  304. 
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with  the  Utmost  nicety.  It  is  only  requisite  to  release  the  clamp 
of  the  light  shaft  connecting  E.CF.  with  t!ic  train  of  wheels 
belonging  properly  to  the  spiral  apparatus ;  then  to  bring 
E.C,F.  and  the  Ex.  slide  respectively  into  position  ;  and  lastly, 
to  re-clamp  the  shaft.  Initial  position  is  thus  provided  for 
V,  and  Va  ;  Vg  requiring  none,  the  cfTect  of  its  circular 
adjustment  (here  F.Mi)  being  to  change  the  situation  of  the 
figure  upon  the  surface  where  ft  is  described. 

Fig-  3457  is  composed  of  three  .separate  single  curves  of 
the  same  cla.ss  as  3455.  and  is  adapted  from  a  design*  by 
Captain  Ash.  The  triplication  of  the  figure  was  effected  by 
the  detent  of  the  first  motion  wheel,  which  was  moved  through 
one-lhird  oi  its  circumference,  in  order  to  obtain  one-sixfkAi 
the  front  terminal  wheel.  Fig.  34G3  is  an  example  with  V,, 
producing  ellipses  as  before,  and  with  a  fractional  value  forVj  ; 
giving  a  compound  circulating  figure,  whose  elementary  form 
is  similar  to  that  of  fig.  46. 

To  show  the  influence  of  various  low  values  for  V,  {/y. 
E.CF.)  in  decorating  a  simple  foundation  figure,  we  may  select 
for  the  latter  that  phase  of  tlie  simple  curve  withYour' loops 
outwards  which  forms  a  square  so  appro.vimately.  Figs.  3463 
and  3464  c.-chibit  the  effect  of  the  alternative  positions  of 
ellipse  for  V,,  and  in  subsequent  figures  examples  are  given  of 
the  three-looped,  and  of  the  four-looped  (external)  figures  as 
assigned  to  V,,  with  the  two  positions  in  each  case;  fig.  3467 
being  an  instance  of  a  small  fractional  value. 

A  favourite  border  pattern,  which  may  be  seen  in  Mr. 
Savory's  work,  and  also  in  some  of  the  beautiful  specimensi 
of  Mr.  Hartley's  engraving  occasionally  to  be  ,met  with  in 
private  hands,  is  a  repetition  of  groups  of  narrow  ellipse^' 
reduced  almost  to  the  straight  line  condition,  inscribed  in ; 
simple  curve,  of  from  about  8  to  20  loops,  inwards  or  out 
wards.  And  figs.  3470  to  3473  may  be  useful  in  showi:^ 
how  this  variety  of  pattern  can  be  diversified  by  changing  th 
direction  of  Vg,  and  the  position  of   the  describing  elUpsi 
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from  vertical  to  horizontal.  Designs  of  a  somewhat  similar 
class  are  obtainable,  it  may  be  remembered,  in  "  two-part  " 
turning  only,  arising  from  a  relationship  between  Vj  and  the 
fractional  value  used  for  V^  ;  but  the  two  methods  are  distinct 
in  effect  as  well  as  in  procedure. 

5.  We  now  pass  on  to  the  complete  combination  of  the 
whole  apparatus,  and  add  Part  II.  of  the  Geometric  Chuck  to 
the  Part  I.  already  in  use  with  the  Spiral  Apparatus  and  the 
Epicycloidal  Cutting  Frame.  Beginning,  as  on  former  occa- 
sions, with  the  latter  as  a  circle  producer  only,  we  have  the 
facility  for  placing  a  large  number  of  closely  intersecting 
circular  loops  along  the  course  of  any  compound  figure,  of 
which  so  many  suitable  examples  are  to  be  found  in  the  pre- 
ceding lithographed  series,  and  so  many  more  could  be 
readily  designed.  The  difficulty  is  not  where  to  find  a 
foundation-figure,  but  which  to  select  among  so  numerous 
a  collection  as  that  which  the  two-part  chuck,  when  moder- 
ately low  values  are  employed  for  V^  and  V2,  affords  almost 
spontaneously.  However,  from  the  figures  in  the  lithographed 
series,  one  of  rectilinear  character,  No.  964,  may  be  selected, 
and  No.  1331  from  those  of  continuously  curved  outline;  and 
figs.  3474  and  3475  shew,  on  a  rather  large  scale,  one  kind  of 
the  amplification  which  they  may  thus  receive. 

With  the  arrangement  now  in  operation,  Part  II.  of  the 
chuck  necessarily  moves  but  slowly;  and  when  the  eccentricity 
of  its  slide  is  considerable,  any  "  loss  of  time "  occurring 
between  the  wheels  (including  those  of  Part  I.  also)  becomes 
unpleasantly  manifest  by  slight  jerks,  interfering  with  the 
due  progression  of  the  moving  surffcc,  when  the  chuck  passes 
what  may  be  considered  its  dead  points.  To  mitigate  this 
evil,  the  front  terminal  wheels  of  each  part  may  be  screwed  up, 
so  as  to  move  more  stiffly  than  is  to  be  desired  when  the  double 
chuck  revolves  at  its  usual  speed  ;  and,  for  additional  security, 
it  is  well  to  maintain  a  steady  and  moderate  pressure,  by  the 
hand, — always  in  the  same  direction,— upon  the  edge  of  the 
wood,  or  other  material,  whose  surface  is  being  engraved. 
The  process  employed  for  the  production  of  the  last  twc 
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figures  is  still  one  of  "  tliree-part  "  turning,  where  Vj  {i.f.  Sp.) 
can  acquire  much  greater  values  than  E.C.F. — which  represent- 
ed V,  in  the  last  section  (4) — is  capable  of  receiving.  Another 
"  two-part "  outline  figure  frequently  used  as  a  basis  for  three- 
part  turning,  is  ono  where  V„  =  2  out,  and  Vg  is  of  any  value 
from  about  10  to  30,  corresponding  with  the  number  of 
segments  of  ellipses  which  it  may  be  desired  to  use  for  the 
foundation  figure  ;  V,  being  of  any  considerable  value  which 
may  be  convenient.  The  "in,"  or  "out,"  condition  of  V,  is 
hero  of  some  importance,  and  so  is  also  the  value  of  S^R. 
For  it  will  be  evident  on  examination  of  figs.  483,  493,  503 
and  504.  and  by  making  other  experiments  in  the  same  direc- 
tion, that  there  are  more  ways  than  one  of  determining  whether 
the  portion  of  an  ellipse,  of  whose  repetition  such  outline  figures 
consist,  shall  be  concave  or  convex  towards  the  circumference 
of  the  design  ;  and  it  will  further  appear  that,  according  to 
liie  method  selected,  the  segment  of  the  ellipse  will  be  (with 
the  same  values  fi)r  Kx.  and  S.R.,  as  regards  the  foundation 
figure)  of  dilTerent  length  and  proportion.  Figs.  3476  and 
3477,  are  illustrations  of  two  varieties,  but  many  more  would 
result  from  slight  changes  in  the  several  adju.stments  for 
eccentricity. 

Still  retaining  the  Mpicycloidal  cutting  frame  in  the  same 
condition,  as  equivalent  loan  Eccentric  cutting  frame,  another 
illustration  may  be  taken  from  fig.  430,  which  apparently 
resembles  the  foundation  figure  of  a  charming  example  of  a 
"true  lovers'  knot," — perhaps  a  useful  hint  to  some  a.spiring 
bachelor, — given  at  plate  .;o  of  the  volume  recently  published 
by  Mr.  Klphinstone  :*  and,  with  slightly  dilTerent  proportions, 
fig.  347S  is  a  similar  treatment  of  the  same  subject. 

If  the  radius,  i.e.  Fr„  of  F.C.F.  be  reduced  to  about  5,  and 
V,  as  at  present  arranged  (i.c:.  Sp.)  be  made  very  large,  the 
intersecting  circles  will  lie  so  closely  as  to  trace  out  the  founda- 
tion cur\'e  by  a  broad  continuou.s  band.  This  naturally 
suggests  a  reference  to  the  practice  of  "  drilling  out "  geometric 
patterns;  a  system  not  without  ad  vantage  for  sonieof  the  designs 
which  the  simple  geometric  chuck  is  capable  of  producing, 
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and  for  the  two-part  chuck  a  most  effective  method.  The  drill 
used  for  such  a  purpose  may  be  one  for  plain  fluting,  or  of  com- 
plex form  ;  the  penetration  may  be  very  considerable,  if  so 
desired  ;  and  when  the  foundation  figure  is  so  contrived  as 
to  be  free  from  intersections,  such  as  figs.  924,  1280,  2518,  &c., 
some  pleasing  results  may  be  obtained  by  drilling  out  a  solid 
core  with  an  ornamental  drill.     The  method  to  be  followed 
hardly  needs  describing ;  but,  taking  any  not  too  elaborate 
curve  for  the  foundation  figure,  the  drilling  instrument,  carry- 
ing a  suitable  drill,  is  substituted  in  the  slide  rest  for  the  fixed 
tool  or  pencil  with  which  that  curve  has  been  described.     The 
drill  is  driven  with  the  requisite  high  velocity  from  the  princi- 
pal bevil  wheel  of  the  lathe,  while  the  chuck  is  slowly  turned 
by  a  winch  handle,  fitted  on  to  the  tangent  screw  of  the  large 
racked  wheel  of   the  segment  engine.      A  more  convenient 
arrangement  is  possible  when — as  is  presumed   in  this  chap- 
ter— the  spiral  apparatus  is  applied  at  the  hinder  end  of  the 
mandrel.     For  then  a  mahogany,  or  other  hard  wood,  pulley 
may  be  fitted  to  the  prolonged  axis  of  one  of  the  change 
wheel  arbors  of  that  apparatus  ;  and  that  pulley  can  be  driven 
from  another  of  about  equal  size,  placed  on  the  main  crank 
shaft  of  the  lathe,  behind  the  bevel  wIk'cI.    The  whole  mecha- 
nism employed  thus  becomes  self-acting,  requiring  no  further 
attention,  when  the  depth  of  cut  is  assured,  than  is  requisite 
to  keep  the  treadle  in  motion, 

6.  But  with  the  full  combination  now  described,  and  used  for 
the  production  of  the  last  five  figures,  the  course  of  any  two- 
part  curve  may  be  filled  in  not  merely  with  circular  loops,  but 
with  groups  of  ellipses  or  of  other  elementary  figures  within 
the  province  of  E.C.F.  Thus,  the  ^'g.  430,  just  exemplified 
in  fig.  3478,  can  be  traced  with  ellipses  instead  of  circles  ;  and 
in  figs.  3479  and  3480  are  shown  the  effect  of  that  alteration, 
the  describing  ellipse  being  vertical  in  the  one,  and  horizontal 
in  the  other.  Again,  fig.  165 1,  or  other  of  similar  construc- 
tion, is  likely  to  prove  a  good  foundation  figure  for  overlaying 
with  ellipses,  or  three  or  four  looped  figures.  Fig.  3481  gives 
the  result  of  the  former,  the  describing  ellipse  being  horizontal ; 
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the  effect  with  a  vertical  ellipse  being  curious,  but  not  par- 
ticularly pleasing. 

We  have  now  arrived  at  "  four-part "  turning,  and,  as  with 
"  two-part "  there  are  two  "  companion  figures,"  and  with  three 
part,  four,  so  it  will  be  found  that  the  addition  of  a  fourth 
"  part,"  has  increased  the  number  of  companion  figures  to 
eight.  Four  of  these,  however,  only  possess  distinctive  indi- 
viduality, when  all  tiie  velocity  ratios  are  low. 

And,  the  first  four  of  the  eight  companion  figures  are  obtained 
precisely  as  already  described,  viz.,  by  making  the  Ex.  slide  of 
Part  I.  both  vertical  and  horizontal,  and  bringing  E.C.F.  alter- 
nately into  like  conditions  of  adju.stment.  Then  the  other 
four  are  found  by  changing  the  foundation  figure,  yielded  by 
the  two-part  chuck  alone,  to  its  other  equivalent  (by  the  ne- 
cessary adjustment  of  F.Mi)  and  then  repeating  the  process 
of  inversion  of  E.C.F.  in  connection  with  the  vertical  and 
horizontal  positions  of  the  Ex.  slide  of  I'art  1.  An  instance 
for  verification  of  this  statement  may  be  offered,  though 
its  illustration  by  figures  v.ould  not  be  sufficiently  interesting. 
Take  V,,  V^.  and  V,,,  each  equal  to  2  "out,"  and  V„.  to  6  in. 
Let  Fr.,  Fl.,  and  S.R.  bo  each  equal  to  about  I2,and  Ex,  and 
Ex,  be  20  and  40  respect ivel)'.  The  distinctness  of  the  eight 
several  "companion  figures,"  which  arc  atl  strictly  symmetrical, 
and  which  are  obtained  by  change.-^  of  position  only,  without 
alteration  in  the  several  numerical  values  for  V,  or  any  of  the 
eccentricities,  will  be  at  once  apparent. 

When  \%  ((>.,  Sp.  under  present  conditions)  is  large.  It  is 
not  of  much  moment  that  the  Chuck  and  E.C.F.  should 
be  connected  by  clamping  the  light  .shaft  already  described, 
at  the  instant  when  they  are  each  in  initial  position  ; — though 
this  is  a  good  rule  to  follow  on  every  occasion.  Hut  when  Vg 
is  of  small,  or  moderate,  amount,  the  respective  initial  posi- 
tions of  chuck  and  K.C.F.  must  be  united  simultaneously,  as 
explained  above  (page  162),  when  treating  of  the  combination 
of  the  latter  with  Part  1.  only. 

The  direction,  used  with  the  several  values  given  to  E.C.F. 
in  its  association  with  the  .spiral  apparatus,  has  so  far  been 


Four-part  turning. 


167 


"  out "  exclusively.  But,  though  that  is  probably  the  most 
favourable  condition,  there  is  no  reason  why  a  simple  figure 
with  internal  loops  should  not  be  adopted  occasionally  for 
the  "  describing  curve."  And  figs.  3482  and  3483  are  exam- 
ples of  this  character  In  the  latter  figure,  a  decorated  oval 
is  placed  upon  a  block  of  elliptical  section  ;  and  the  w^hite 
spot  marks  the  original  centre  of  the  work,  with  reference 
to  which  the  oval  assumes  of  its  own  accord  an  eccentric 
position  to  the  extent  thus  indicated. 

It  is  needless  to  multiply  examples  of  "  four-part "  turning  ; 
the  few  now  given  are  sufficient  to  prove  that  the  course  of 
any  two-part  curve  can  be  clothed  with  a  repetition  in  distinct 
groups  of  any  simple  figure  which  E.C.F.  can  produce,  and 
for  this  purpose  no  simple  figure  is  more  suitable  and  effective 
than  the  ellipse. 
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CHAPTEK  VII. 


Fractional  values,  in  the  several  trains,  applied  to  this 

eombination  of  Apparatus. 


The  Amateur  who  may  be  conversant  with  the  Epicycloidal 
Cutting  Frame,  will  recollect  that  it  is  employed  [at  least  as 
frequently  with  fractional  values  for  its  train  of  wheels,  and 
consequently  with  "  circulating  "  curves,  as  with  integral  values 
resulting  in  the  more  familiar  variety  of  curves  termed  "  con- . 
secutive."     And   it  will  be  evident,  by  consideration  of  the 
arrangements    detailed   in    the    last    chapter,  that  the  whole 
class  of  figures  illustrated  by  the  diagrams  Nos.  3400  to  3447, 
arising  from  a  certain  relation  between   the  value  of  Vg  and 
the  fractional  value  of  Vj,  and   possessing  at  first  sight   the 
characteristics  of  three-part  turning — are  within  the  compass 
of  the  simplest  combination   described,  viz.  the  I^.C.F.   con- 
nected  by   the  Spiral    Apparatus  with  the   mandrel  simply, 
without  special  chuck  of  any  kind.     For  there  are  thus  pro- 
vided the  two  sei)arate  trains  of  wheels,  and   the  several   ad- 
justments for  eccentricity,  in  fact,    the  fail   equivalent   for  a 
two-part  Geometric  Chuck  and   fixed   describing  point,  such 
as  were  employed  in  the  actual  preparation   of  the  diagrams 
referred  to.     True,  the  E.C.F.  possesses  from  the  resources  of 
its  own  wheels  a  less  extended  range  of  the   fractional  values 
suited  to  this  system  ;  and  Sp.  also  is  much  more  restricted 
than  Part  II.  of  G.  C,  in  its  power  of  affording  the  necessary 
allied  values  for  V.,.     But  still  the  choice  will  be  seen  to  be 
amply  sufficient ;  and  it  may  be  increased  by  borrowing  from 
the  change  wheels  belonging  to  G.  C,  any,  not  larger  than  72, 
which  would  be  temporarily  serviceable  to  E.C.F. 

For  example,  a  fractional  value  yielding  the  approximate 
ellipse  in  circulation  at  E.C.F.  may  be  had  by  substituting 
for  the  usual  W  on  the  change  wheel  arbor  of  that  instrument, 
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any  of  such  pairs  as  the  follo»-ing.  ff .  f^.  \\,  f|,  thus  gi«ng 
fcrV,  iht^  rcs;>ix-.ive  values  of  *-i,  -J-^,  : '■  - '■  And  the  cor- 
responding values  for  Sp.  to  be  used  w-ith  any  of  these  four 
pairs  would  be  any  desired  multiple  ofthe  denominators  of  the 
fractional  numbers  last  stated.  Sp,  with  the  change  wheels 
supplied  with  that  apparatus,  v.iil  give  many  such  multiples, 
but  not  all  ;  for  example,  with  the  fraction  f  J,  it  will  give  i6 
multiplied  by  2.  3,  4,  5.  6,  S,  9.  10,  12,  15  or  iS.  A  change  of 
direction  may  be  procured  cither  by  adding  another  arbor  to 
the    Spiral    train,  or  by  varying  the  fractional  form  of  the 

:rain  in  E.C.F.  from  '"     "*"       to  "'    ~  ■■  In  fact,  all  the  rules 

enunciated  in  Chapter  V,  as  to  the  proportion  of  the  fractional 
I'alue  taken  for  \\  and  the  consequent  direction  in  which  the 
principal  compartments  of  the  figure  will  be  disposed, — as  to 
the  influence  of  that  proportion  upon  the  actual  number  of 
those  compartments — and  as  to  the  number  of  different  ways 
n  which  the  same  "general  aspect  "is  attainable, — are  equally 
applicable  to  the  present  method,  which  dispenses,  for  that 
class  of  figures,  with  the  Geometric  Chuck  altogether. 

For  the  three-looped  figure  in  circulation,  the  wheels  ^^  or 
i"g  would  be  the  most  suitable  ;  but  a  46  or  50  may  be  substi- 
tuted for  either  of  those  numerators,  giving  V  —  ^/  or  -/  ;  or 
somewhat  higher  ni'nibers  can  be  adopted,  in  about  the  same 
proportion.  Similarly  *J  or  J^r,  or  other  pairs  of  wheels 
nearly  in  the  same  ratio  would  give  the  approximate  four 
looped  figure  in  any  desired  phase ;  and  fur  the  requisite 
associated  values  of  Sp.  convenient  numbers  could  be  selected 
without  difficulty.  With  so  many  variable  elements  as  have 
now  been  introduced,  an  examination  of  all  their  conditions 
is  impossible  within  moderate  compass  ;  V,  will  therefore  be 
here  restricted  to  those  values  only  which  produce  the  ellipse 
in  circulation. 

.(I.)  In  considering  the  application  of  fractional  values  to 
the  system  of  two-part  turning  as  accomplished  by  E.C.F. 
connected  simply  with  the  mandrel,  there  is  not  much  to  add 
to  the  remarks  on  the  same  subject  in  Chapter  IV,  accom- 
panying diagrams  3400  *■/  scq.    But  it  will  be  observed,  when 
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experimenting  in  this  direction,  thai  figures  of  this  class — vii., 
where  the  numerator  of  V,  is  a  multiple  of  the  denominator  of 
V,,— whether  executed  by  the  two-part  chuck  and  fixed 
describing  point,  or  by  E.C.F.  combined  with  Sp, — have  no 
"companion."  No  alteration  of  F.M;  or  F.Mj,  in  the  former 
method,  nor  of  E.C.F.  tangent  wheel  or  of  Sp,  contact,  in  thfr 
latter,  though  changing  tlie  incidence  of  the  curve  as  regard! 
its  position  on  the  surface,  makes  any  perceptible  differencfr 
in  the  curve. 

It  may  also  be  pointed  out  here,  that  figures  of  this  class, 
though  apparently  belonging  to  three-part  turning,  do  not 
share  that  origin,  and  are  not,  strictly  speaking,  so  producible. 
Fig.  3400,  for  instance,  might  very  probably  be  expected  to  be 
equally  obtainable  by  such  adjustments  as  these,  V,  —  2  out, 
V^  —  iS  (in  or  out),  Vg  —  3  in.  with  Fr.,  Fl.,  and  Ex.  equal  to 
the  previous  values  respectively  of  S.R.,  Ex,  and  Ex,.  But, 
besides  Fr,  Fl.  and  Ex.,  there  is  another  element  of  eccen- 
tricity introduced  in  three-part  turning,  which,  as  described  in 
the  last  chapter,  stands  as  S.R. :  and,  even  when  this  S.R.  is 
made  equal  to  zero,  the  additional  velocity  ratio  (of  which 
there  are  now  three)  makes  itself  felt ;  and  a  totally  distinct 
figure  arises,  having  with  the  adjustments  supposed,  six  com- 
partments instead  of  three. 

While  S.R.  remains  at  zero,  in  this  instance,  an  inversion  of 
Fr.  fails  to  elicit  any  companion  figure  ;  the  result  is  a  dupli- 
cate of  the  proceeding.  But  when  S.R.  receives  even_a  small 
value,  the  alternate  cojnpartmcnts  of  the  curve  at  once  un- 
dergo considerable  modification  ;  and  the  companion  figures 
are  perfectly  distinct.  See  Figs.  3484  and  3485,  which  are 
specimens  of  integral  three-part  turning,  and  have  no  refer- 
ence to  the  fractional  methods  under  discussion  in  this 
chapter. 

(2.)  The  next  step  will  be  to  add  the  first  Part  of  the  Geome- 
tric Chuck  as  V3.  using  related  fractional  values  between  V, 
and  Vj,  and,  if  so  desired,  between  V^  and  Vj  also.  This 
combination  is  vcrj-  fertile  in  interesting  results  ;'and.  though 
only  sparingly  ilhistrated  here,  will  be  found  an  abundant 
source  of  original  designs.     Figs.  3486  and  3487  exemplify 
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the  simple  relation  where  V,  is  twice  the  denominator  of  V^, 
Vg  and  V3  being  integral.     Due  regard  to  "initial  position  " 
is  necessary  even  here,  though  the  frame  of  E.C.R  continually 
changes  its  inclination,  as  compared  with  the  flange,  at  every 
revolution.     The  adjustment  is  to  be  made  as  usual, — the 
eccentric  slide  of  G.C.  being  horizontal ; — the  Fr.  of  E.C.F. 
either  vertical,  or  inverted,  while  Fl.  is  horizontal ; — and  the 
clamp  contact  of  Sp.  being  effected  when  those  three  conditions 
are   simultaneously   satisfied.      In  the  last-mentioned  figure 
the  position  of  E.C.F.  was  varied  in  this  manner,  thus  produc- 
ing two  "  companion  figures  ;"  for  though  there  is  only  a  single 
figure  in  two-part  related  fractional  turning,  a  second,  or  com- 
panion, appears  when  the  method  is  extended  by  the  addition 
of  a  third  Part     And,  just  as  in  the  similar  class  of  figures 
developed  by  fractional  values  in  "  two-part "  turning,  there  is 
one  curve  only,  without  companion  ;    so,  in  these  fractional 
figures  belonging  to  "three-part"  turning,  when  four  companion 
figures  would  be  expected,  we  find  only  two.     That  is  to  say, 
with  the  apparatus  now   described    the  same  curve  results, 
whether  we  have  Ex.  horizontal  and  E.C.F.  vertical,  or  Ex. 
vertical  and  E.C.F.  inverted  : — the  latter  bein^  the  condition 
of  E.C.F.,  which  causes  the  curve  to  commence  with  a  hori- 
zontal  ellipse.     On  this  account  it  is  more  convenient  to  retam 
Ex.  always  in  the  horizontal  position,  and  to  obtain  the  two 
companion  figures  by  inversion  of  the  frame  of  E.C.F.  only. 
Sometimes  E.C.F.  may  occupy  an  intermediate,  i.e.,  horizontal 
position,  with  good  effect ;  with  the  adjustments  of  Fig.  34^6, 
for  instance,  if  Fr.  be  so  placed  at  starting,  the  curve  assumes 
the  form  of  a  ribbon  with  inclined  folds ;— better  seen  with 
V3  "  in,"  and  of  higher  value  than  8. 

When  Vg  is  three  times  the  denominator  of  V^,  as  in  Figs. 
3488  and  9,  and  again  when  that  relation  is  four  times  as  in 
Figs.  3491  and  2,  the  pleasing  intricacy  of  the  curve  increases, 
without  being  too  complicated  to  be  distinct.  And  it  will  be 
observed  that  figs.  3488  and  3491,  between  which  a  certain 
affinity  may  be  said  to  exist,  were  described  with  E.C.F.  in 
opposite  positions  : "  vert "  in  the  one  case,  "  invert "  in  the  other. 
The  principle  could,  no  doubt,  be  carried  further,  making  V, 
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ten  or  twenty  times  the  denominator  of  Vj,  especially  when  ' 
the  fractional  value  of  V,  is  composed  of  lower  numbers,  such  I 
as  ^  or  '-/■ 

But  Vj  may  be  fractional  also,  its  numerator  being  some 
multiple  of  the  denominator  of  Vj  ;  and  again,  its  denominator 
may  be  advantageously  related  to  V3.  A  single  example 
only  is  offered  of  this  condition,  fig.  3493,  and  without  com- 
panion figure;  but  others  will  readily  suggest  themselves. 
The  only  point  to  bear  in  mind  is  that  the  multiples  selected 
should  be  even  and  odd  alternately ;  in  order  that  V,,  though 
related  in  this  way  to  both  V,  and  V3,  may  still  be  a  fraction 
in  its  lowest  terms. 

So  far,  V„  in  this  section  has  uniformly  had  an  "  out "  direc- 
tion. When  this  is  changed  to  "in,"  a  striking  difference 
arises  in  the  constitution  of  the  curve,  which  is  equally  sus- 
ceptible of  ornamental  treatinciit.  Figs.  3494  and  3495  are 
illustrations,  and  companion  figures,  of  llie  condition  when  V, 
is  three  times  the  denujninatur  o(\\  ;  and  the  "  in  "  direction 
may  be  imparted  to  V^  witJi  excellent  effect  for  any  other 
related  fractional  values  which  may  be  devised. 

When  Vj  receives  a  considerable  value, — integral,  and  a 
multiple  (saj'  ten  times)  of  the  denominator  of  Vi, — while  Vg 
is  calculated  to  produce  a  simple  curve,  such  as  3  out,  4  out, 
&c., — the  result  is  to  accumulate  groups  of  the  other  simple 
figure  which  is  due  to  V,  in  the  periphery  of  that  determined 
by  Vj,  For  instance,  with  V,  =■,'!  out,  V^  —  128,  ^3  —  2  out,  a 
succession  of  fan-like  assemblages  will  be  arranged  in  an 
elliptical  outline,  like,  but  not  equal  to,  the  design  of  fig.  3481. 
If  Vj  be  "out,"  the  groups  are  on  the  inside  of  the  figure ;  if 
Vj  be  "in,"  these  groups  arc  placed  externally.  And  a  similar 
arrangement  with  the  triangle  or  square  for  the  foundation 
figure  can  be  made  by  modifying  V3  accordingly. 

This,  in  effect,  is  a  method  of  executing  what  is  apparently 
four-part  turning,  with  apparatus  for  three  "  parts  "  only  ;  and 
is  suggestive  of  the  nominal  three-part  figures  3400.  &c.,  ob- 
tained with  the  two-part  geometric  chuck. 

The  value  for  V,  which  seems  most  generally  useful  is  J*, 
because  the  wheels  of  the  spiral  apparatus  readily  interpret 


Fractional  values  in  four-part  turning,  173 

multiples  of  16.  But  other  similar  values  can  frequently  be 
used  with  advantage ;  and,  further,  the  character  of  the  de- 
scribing figure  itself  can  be  changed,  if  so  desired,  from  the 
approximate  ellipse  (which  is  being  used  exclusively  in  investi- 
gating the  class  of  figures  now  under  discussion)  to  other 
curves  of  approximate  simple  form,  whether  internal  or  ex- 
ternal 

(3.)  Lastly,  we  may  complete  the  combination  by  the  addition 
of  the  second  part  of  the  geometric  chuck,  thus  being  provided, 
as  at  the  end  of  the  last  chapter,  with  four  independent  "parts," 
each  with  separate  train-value,  direction,  and  eccentricity. 
And,  for  present  purposes,  it  is  to  be  understood  that  at  least 
the  first  velocity  ratio  (Vj),  and  preferably  others  also,  shall 
receive  fractional  values. 

First,  any  elementary  compound  figure  with  few  intersections 
may  be  selected,  and  its  boundary  may  be  diversified  by  groups, 
varying  in  form  and  magnitude  according  to  the  course  of  the 
foundation  figure,  of  the  simple  curve  whose  repetition  is  pro- 
vided for  by  Vi,  Thus,  in  fig.  3496,  V3  and  V4  are  arranged 
to  produce  an  outline  similar  to  that  of  fig.  436 ;  and  the  re- 
lation between  Vg  and  the  fractional  value  of  V^  is  such  as 
to  decorate  that  outline  with  groups  of  quasi-ellipses  in  the 
manner  exhibited. 

The  next  variation  would  be  to  give  as  value  to  Vg  a  frac- 
tion whose  numerator  shall  be  a  multiple  of  the  denominator 
of  Vj,  and  whose  denominator  shall  be  a  factor  of  V3 ;  V^ 
and  V4  still  being  integral.  But  unless  the  last  two  are  of 
decidedly  small  amount,  the  entire  design  becomes  too  com- 
plicated ;  and  of  this  combination  no  example  is  printed. 

The  better  way  of  keeping  the  foundation  figure  within 
moderate  limits  is  to  adopt  a  fractional  value  for  V3,  related 
both  to  the  integral  value  of  V4,  and  to  the  preceding  frac- 
tional value  of  Vg  ;  in  fact,  to  make  the  system  complete  by 
having  all  four  values  mutually  dependent :  and  the  concluding 
examples  of  this  collection  are  based  on  that  principle. 
The  connection  between  the  successive  values  will  be  recog- 
nised at  once  on  consulting  the  tabular  reference  to  the 
figures.     These  figures,  however,  are  only  a  faint  indication  of 


174  THE   GEOMETRIC   CHUCK. 

the  infinite  variety  of  results  which  are  at  the  disposal  of  the 
amateur.  One  only  of  each  kind  is  given,  but  three  others 
(at  least)  possibly  superior,  and  certainly  dislincf  from  that 
engraved,  could  be  traced  by  reversing  the  initial  positions  of 
E.C-F.,  and  of  the  eccentric  slide  of  Part  II.,  without  dis- 
turbing any  of  the  adjustments  for  eccentricity,  train-value,  or. 
direction.  While  for  every  change  in  direction,  from  "in" 
to  '■  out,"  or  the  reverse,  in  one  or  more  of  the  train-values, 
another  series  of  four  companion  figures  will  arise.  It  would 
evidently  be  quite  practicable  to  impart  a  fractional  value  to 
V^  also,  whose  numerator  shall  be  in  relation  with  Vg  ;  suctia 
modification,  however,  causing  the  whole  compound  curve  to 
be  circulating  instead  of  being  completed  when  its  path  has 
once  passed  round  the  circumference  of  the  design,  is  hardljT 
to  be  recommended. 

The  actual  process  of  engraving  these  rather  intricate  frac- 
tional figures  is  a  singular  one.  The  curve,  it  will  be  remem- 
bered, is  single  and  continuous,  and,  for  a  considerable  pai 
of  its  course,  the  several  portions  of  wliich  it  is  (so  far) 
posed  appear  discordant,  and  to  have  no  prospect  of  forming 
a  harmonious  whole.  But  as  the  delineation  proceeds,  the 
irregular  convolutions  of  the  curve  recur  at  such  intervals  as 
to  overlap  symmetrically,  or  to  adopt  such  positions  with  refer- 
ence to  one  another  as  to  render  the  effect  both  complete  and 
ornamental. 

To  secure  an  evenly-balanced  distribution  of  the  more  pro- 
minent parts  of  the  design,  the  greatest  care  is  necessary  in 
first  making  "all  at  centre,"  and  in  clamping  the  spiral  train 
at  the  precise  instant  when  both  eccentric  slides  of  the  chuck 
are  horizontal  (as  tested  by  the  spirit-level),  and  when  the 
frame  and  flange  of  E.C.F.are  at  the  same  time  perpendicular 
to  one  another.  These  combined  adjustments  are  not  easy; 
and  if  the  method  described  in  this  chapter  were  ever  adopted 
for  purposes  of  practical  ornamental  engraving,  it  might  be 
expedient  to  accumulate  all  four  of  the  train-bearing  "parts" 
upon  the  same  centre  ;  using  a  fixed  tool  for  the  description 
of  the  curve,  and  placing  the  mandrel,  which  would  have 
carry  so  formidable  a  chuck,  in  a  vertical  position. 
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